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.4-ijjUJI Ji\ ^ 



s*/ * % ****** ** 

Lulls. OuUJ U «(^>=>-l ^iJ^ *-iJ^ d^-uu] ^ \ (3 





Jl_ Jj-^j L^jWLLjI Jx jxLu ^pJI a^JI Sjjj Cxjl^ jii < Jj- 2 ^ 4 Ucn Cul^j 
4rnk* 11 4^Lq1 ^»-Lj ^li jij <oljrtJullj £j£ La" ^ 1 Jx ^ 6Jj 

p 

(JL^-Q 4_i^jJ^j 

(jjh ,Vnl Jfc <0 *jLju£ 4x^UI 4lai C^^b <^L1!I 4^l^o J^j 

s * p * 555 



(I ua >1 4-ujjI v Mill 4j ^_s-Q ^jjl'v uu J ^Lu^A ai (J d a J^-<ajJI 4x.Jp Cul^ 



JjiJI 4_ij^ JjJ-oJI 4j>loj[ 4_Lx^. jii i5_^lj^>^l jaaAlill JjI 4jI ^ f^->" J-Cj 



11^ 4XoJ^ ^1 JJjUcuil 4^LcJli ,4_jJ^ jil ikLoJI j| a^ljJI 4J3JI ^Ai jj 

>7i ^ Lq J^J <4jj£LaULll 6 3^-11 Jx jLclIc^I j 4_i_c j)0 I ! LujI ni^w 4jJjLa. ^Jl_X^ 

t 4j mlj mil 43-jiljJL2>. O^jLjla jl" 4lx^ Jjl J|j <^jUSll 4 Jflr. i^jlj 4lo 

.^j^aJJ 4ILqjLLaj jjfeL^-j ^jl^j ^jJai J^-u.u j\ 1 Mill 4_jiclj JjL^ 



t4 n mm 

* 




Franklin oiijjj CjJiilji Jl blU^ dij .^L^J^ Jl L^x-ia^ ^ 
6jrA(g mil 4lJjLa-o uJj^a. Jij j iLi3 ^ig> 4ajL5LJ Roosevelt 

<> i^LUI v l jJJI ^i^c 4_>U_^ j^Ij Uj^ lliUj! Jl ibUlj iSLkJL UUlll 



J$i <<jtu3&JI ^lipJI Ultj <> S^lill ill^Jl dJ3 4J c£i (J 

ip(fnl£*j ^Ia^j po^U j JlAw.i Jj* <Niels Bohr j^j jip j! Max Planck 



^dj *iijliJI o jU^Jl S^jhf, Cjylj^ Jl J-^j3j *3JjU 4_iclj-il oLSjj 



jA^aj IjL^-il r> i ^jj Cui^ L^-jl t^U'voll 4 i^^lxQj 4 i^>r>Lc.j 4_Lfej-o 

.pLAiJI pi \~%\\ j tp j i^>ll 4-3l-lu1 pLl^jlj 



*_tiiljlJI ^aifljJl 4^Lol J-ij-i (jL^j 44jJLa J I v u^J 4 U \ mi \11 4lLuLxu| Cu 
4^J ,4_JI l^?J^1 ^J>^ Lcuj '^jvUIIj JfojJI ^U^c^ll ^ ^pL ^jJI 

.4-oLc 4 fl tr\ s 4_i ^uluJI 6L^j iLii jJI 4 flULxJlj (jlla II > j^ifli 




jr^-C. 4^1 auj Mil mj ^ ^ lr. 4ij J^JI pLjjO II ^1 ^ j(j fl I 

^- 1 j mi jryi Jjlj (jLtuJ J-c pL=>. Lq^ ((4"^ 11 J,\ pI jys* J-c ^alflj JU^o» 



YV 



<jV>ll \±£b UjIj jJi\ fJ .j jU jU i^L^j j\ljJi\ Dudley Herschbach 

^ jJI (JJjljJI j\ ^ 4-ll IT U Mil ^ Ml \ \\ \ M1 Jjl^ ^JLxil 4^ r>\Hj \ MtH J-C 

(jj^ujj 4ji ^iJI jujsl *_xoliJI (jjiJIj Benjamin Franklin CaK^I ji 



iil^l oAxjj j i uu (jl g^kLou ^LlLLI ^ mil jii .Thomas Edison 

JjLo Jl JjAJ (jl — L ^l — LT^Af i^cdaJI ^LiiiL i» mil ^jMj 



^ Mnl ^pJI 4fl .^11 t J^Lu^il j j-UlJl jO mi Jlo ijjLxJI pL.m.iS|1 ^ auJl j 
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(J ^.-y-uJlj tjjiJl ^-lij ^Jlq ^JjJii mi L I ixoljjj ^lalfi^l uj mi jj5> liA 

4lJLxj 



^^IxjJI OjUl ^1 C>L^ mil 4 u^ilxuuo ixuljj dlLlA ^1 L5 JUJJ ?UJ 



LUI 



(J olj.^LjJlj j^jLJI ^aLlj ij^jfel J-c Jj^LjJI 4ji jjjti ^Ul oijJI 11^ (Jj 
^IwVnl 4jUI (> ^LUl pJ^JI Jl Lljl 4^ J t iM*i\ imiLUI i^lj^ 




v ^Lkll L^j_^ ^pJI ijdSUI oU^^LLI Ja^ (jl Llik,, :Jli jli 

i^LUJI ylaJl jj^j ((.cJUJI aj^fl^Mil 4xoi*JI SjUI Jai^ Jjju ^11 



.4ac1 J_s^ll ^jljj^ j 



YA 



£UAJI o£lj 



Lodla fl t4^l_L^- 6jl flJ mil (JJJJjjJIj uU >1 4-> j ^ C- ^jj tjjfe (jl ^jJil 



of 



** * ****** * *** 



Si jU^j 3 1 U \\ v.^l — Jliil Jjwm j_c — James Clerk Maxwell Jjjm^Lq 



6 .. 2 



uaj m ^pJI <QSj oul! JLs jog iijjjUl icjlll ^ " * J u' g (3 *^ ^ 4 J lc 



7 r 



((.4JaJ-aJJ \ sH^A ^J-c ^ IaSIjuj 4Jalxu jjii-ll ^lljLa* » 



j-o 4-fl^5jj <4 Mill 4_jJ^3j (JjLluJI J^tVv 11 (j 4*s ^ in") ^jyc 4_^L^j p-L^. 
Jl_ Ijjfc 4_s ^Jj <Jljl^!l i^. jj SijJlo 4-ijLc Ijj^sl UTj jLxJI ^Lol 

tSj-iJI f> I jji I j iSjjaJl Jji^JI fwljrLa.l J-C- 4-Qjli 4j miL-uj JjAXi j oLji^Lkl jljlcl 



8 ((.6JjJ^JI jKiSlI j^j^j (jl J-c jjUJI 6J^.j JjiJI ^ .ijj jiJI 



l jjjJ0 s \ Jj oj o Jj-j l"i m'\ J CuAA Sj La 11 1 6 j A 

Lc^ <4jclaj^ll Lj3jji J-c 4_si Ll^UiJj j.^*-j (^lllj iljjJI ^Jj-ujj ^jJI (jjUl Ij-A 

p p 




^A^^_^Av^ 




Ijl >7u „,1 Lc^il i^jJ ^IjJ U_i Jlij «^SJI ^Jju J InUi 




43 j oJJ^^ u^J <lUa!I J\ der Depperte <uk jlkS iajUJI oU ? ji^ll 





U^o Jlal, J£ ^Aii^ J jj^ <jl£» 4^3 C^l^ 



^Lau jii <ljja. UiLo j-o^!l (jl^)) : Jji^ j < (( 4 jj fl mi L^j dlj-2^j <SjLlx* 



(jljJJjjll J^-l J-*-^- Lq_q t4 Ul Mill £>L^J P^s^l 6Jj-aILi (jjruLi P^_L_dl ^jl^ 



J 3^>JI c> ^j^LxJI ^jbil ^1 jJI ^oj dill qjI wVn! CjjS\ {y> oUxuJI 



(£j 3^*11 — Jjlj Lojj Id^-A jl — 4latAJ ^l J-c LiAil OJcLu I Vs I t^lfLo J£ 



.iijj^JI jj^l (J liljJ jS^JI ur *l*JI 

jj j^kj jjLJI ^umi j d< mj ji auimii jjjJdi &jLsi^i 4_> ^ 



j2j «05jiSl L^JI O 0" lj ^ ^l 4^c^JI U^S* Ja^L J\ 4J ^\ 4j1 ^Ij 



4_ijJaj — OJ^ Lj( — O fl nil's I v^s (^oiLj JLtuI Lodic)) ol J (j^lXaUjl JLa 

Ji-u.u ^ ^jUJI (j^^ mil (j[ I^pSlI jJiJI J[ j"?" ^ l-UlxoJI (jl J jJ-VJ t 4j wm'vII 



((.^jUJI JikJI 3^1 li^ 4 K ,7,11 j okj Jl^JLj 



^j-Q 4 U mjXo 5JL^. 4^Lk=fc JI^Ls ^-jIjlj (jl^ ^jj I j mi \ \\ (jj j^c .jliLa.^11 ^j-o 6jljjl (Jj-q 



|j| Llj,^^ <ol jl CjGj^ 4_u^ J oljLxJI JJ 4ix^ SJaiill 




tSjr^ Mill 4-> j\ flll _>jl (J Lq_lxo^I 6 jj uaJI > j^'s fllil J| Sjlx. Jj-oj 4 
4_ujUJLi 

jiil Lq Ijjlj)) IJju Loji (^-^ <— in U I JU j .4Jajfl m pLl^l Jji mo J^.lj-i jjfe j 



J&\ dj^Su — Ij^ji^T f^l Ijlta Jftl J-c jl — l^a^uua! ^Lu' 



^211 Sj,^ mil Jj<: ,V. j <U*J ^jJI jj, jJI jii; U l*ru£ (j^ 1 ^^ O 1 ^ 

pl_ij£. -x^j^J j_>jLj j oljj L$J J icLo^. ujjjL — LlLuj 

3JU.jJI J| ^ ^al 4Jjl^ ^^oixJI ^jUI JjIjI j L^Ul j L^jj^j <Lij£j ^c^jUj 
LuI^oj 4a^jJj J \A£V f.Lc (jjllAlsl Jlj Hermann jru* Jj 



JjL^Jjl jJ^^II Ulm jJjl (Jj. 4_i^j| j ^LojrUfe ^ jj Cil^^lto ^-iAj j 



^ic 2-LUI 6>Jt >^ i ^Ll^JI j^UI Jl C^jjUI 6^1 
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J» ^l^ 4^! 4IjI j^lij 4 4^j^ pL^| J <L*£. ^\ ^Ujrufe dl^L^I dLlA 



J^Lnil J SjIL iliac {£j jj 4^1 ^ *^Ai , JLacI SpUUI jl 6jU3il 

lijjj ^lslLI , LJJ iJ^Lc J^j ^ ^ Lf- 1 ^ ^ Crp <jD ^til 



.iLaj S cs^^i ^ usj ^pJI Pauline Koch 




<J_^*J1 4^^Lol L^ajI (^J^j o5 jjj .Wurttemberg g-jy^jr^i J^*1J JajlaiJI 



rr 



13 aU >l 




(1$AJ L^jjI ^pJI pLkJI ^j) 4^ui: c£ji\ J i^jL=-j u' 




.L^-=h.jj 4 v vl cu «Lol3 LLal^j ^il^lj >) 5_i^5JI 





1j I U ftxuJ (jl 

ja-to^!l (jl — JJU Ujj (jJ I J ai L I Jli lo£ — 1j.*-m.i L&fri^J '4_j_>Sl 6J^»- ^1 J-C ^U>l^j| 

.^Ij ouj) OjJI 6Uaxo)j ((I)) Jj^ll lJjj^JL 1 tai&sj IjJj 10 <«lja. IjJj^j)) jJ-y 




^ji (J 4 s i^I^ILq oIjL^-q (jLo/ufc (^jJ Cul^ \ tL^-ii ^^liJI i^uL^JI J^c Mio 

£ ^ p 5# p 

AAA\ ^llll ^^/j^oi^ J c^ 1 ^ 1 U^JiJa CaJjjj (jLoj^ 



LU JjJjjJI L^Lp^ JljJ^ oils 1 o £ 1 <Maria LjU cu/u< 5IjI 



4 L^j jo lj mi 4ju1j ijjJ L^JjI (jJa iSj-o JjSl SjjJjJI 4IL1S mi oj^JI I j Lajlcj tMaja 

.4-JjflUH olj^-Lidl jAxj ^ ^CjJI J_c 4_J| (^AJ^iil 1(3J^ 
4_» O-u (3 ^^ s 5 Jb ° ^-^-1 j 4_j^.Ll2s (3 ^ 4_1jLc Ca mi lc 



c^l^j <(NAAl-\A£o) King Lud wig II ^lill g^ij^l uj^t 

J! J_UiJ CajL^ ^pJI 4j0j mi ji\ Q^l 6^11 oLclij 4-iiflJI 1 (j .^jljt-o j 1 (3 auU£ 

> AAV ^ jj .iljjilj falLI Richard Wagner jl^li JjUujj JL^I 



XAO X £Lj iljjll ^l^u JJC — ,Vnl 4±>Lc JU^t 

pLj fl^l II (j^jJLa oil t^J ml ^aJI 4_Liji.l i^j-kj t J j(j \\\ ^j- '/«V j dLJ^jL^JI ^ (j ^ 




^xcjj 43L^ JljJ* JJi ^pJI ifcjlll dJj <&j^JI Jl SjU Jii t «JJaJI 

:iLjJ^ Sji jJjiJI J 4±^j <Philipp Frank dilji , T n L a J 13 jij .ij^iJI 





4 4_JLxijl oL^j J,\ — 4lJ jO U (J Jja^l J_c — 1 .^jl (J^jjlL* (jjlj mnl 



4JljI 4-Ujl J j -s jj j <LqLqj 1 j fl i r\ <\ ^u/~\\ j ^jl^ ol lA^ 111 dLt (J» :LiLo J^S3j 

(j-to (j 6 ol Jj ((. 4 miO\ J_C 6 j l^J Mil l JO Oj j lll l (jAiJ^I ^jill Jl_ 



43^Lxijl 6J^. (2>-o 4_sL^l!l (J (jjIXouj! (j^l V* jij ((.ilGuo 4r>^ aa. JI jiiil C^l 
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L>?(3 MI pjtVnll ^llAl^ Sjlfltll SjjiJI (jl Jji: c^aiJl pU^II iiLj 




4J>I j^jj ^0 ll dJj £j\ >ljU ,Al L> ^|j£.| 4 \\c. Ojfl 



(3 ^jl^ 4_j| Jjt_j Lq_l3 ^^•ij t4 I 6jJI^ 4J j\ r\~>*\ j tl tsy \^yo> (jl^ ol j-S 



4HjLu^I 3 ' ^"j* j -N-l 4jjl 4_^.jjJ t4 oLsLl) I (j "J jji ■ Q lu^j "« > jjfc j SjLxxuJI 4_sLc 



\£\ <^ J CuJsJ ^J^JI 6 <jl — jSJ&I ^1 >jUwnl ^il Jilcl JMI 



16 ((.oIj^!I llii. lij^ dllA J ±> ^ .ll^ljj liuic 

L^[» :Einstein in Love 4jL^ <j Dennis Overbye ^Ljijl jimjj j^^jj 



Walter j^JI j j(j Ujlc IQ^xLi J 4 .^o H 6>i& ojjj j ((.^^jiJI &j ^.u.u 



a ^1 Lo^ t 4o\r. Jj^ ii^^JI jIju jjfej ^IXouj! jjj c-xxJ ^jJI Matthau 
^jJl cJJj^JJ Rescuing Albert's Compass JUi&l jj^o ^ 4.^211 



^.Lc jjlwVnl ^ 4 .^oll 43^ jj Jlj cs^l Shulamith Oppenheim f^L^ljjl 



oLjjJ^ ^jiJLujj .4_x_ij-LJI l_Lu2j j] iLijJ^ 6 j-oc Jl I u^. 

iSalo-o oLj_c^ jl <q1 -s*UI jl Jio tiuiiLj oLix^ Jl 11 

Jv v cu J-c j . ji».T Jl ^ * J_c jl SjLLI J-c pLAiJI (J ^ Uq\ 4_il (j jj-tJI j^Jj 



LqJIc (_^jiJI jrlJUAJ JUdsl 4-jj k*^ Cj*^ jL^i-Q t_Lu^Jj 1 4 U \ ^1 (J Lq xi^. 




d" \j Us*\ ^ ^ '4 ^ m ualla 11 ^ II Cj^L^JJ j-uIj 4_ujIjJj 4jl^L^JI 4 v v axil) J^c 



.Gerald Holton <jjjJ^a Jl ^^ixJI j>jj^ jLil LKj <iLLi 



18.. 3 



«.4_uiLl1I ^jjJI J ^I^-oj^I jjb JU^aIJ ^jjISjJI jx^ftil (^^>j 



1 uiij S/LcJI dJj (J — icjL ^jLj 4ijLc ^^jfcj — LlAjI 4_qI 4lLfcl jij 



oU^LjjJI J 6 jJ^ i^-j LSjJju ,JL^1 ^ «<<Glj ^jUI J <>KJ1 JUaJJ 



20.. 2 



4 « 43 Lj^ju-^ ^ja^ J-^v \ Y±& <m s^ L *- aJ cJ[ *.4j^c (3 Lxjlx^ L>Jaj 4^.)^ 

C^o J 4^>Uo J ^L^JI Lo l>3^ Al^)) :<£\2±jJ Jlio .icUJI 4nm\ll 



21 ((.4ij£. pljSI 6pL=>. j£ 



^111 Alexander Mo szkowski ^ mjl^j^ jj^LuKJl Jli LKj .(jj^JI (ixolllj 



TV 



<lj_il (jj) ^ J " n *^ J-J-Q J dliiLa Lual ^ ml :4jLl^ Sj^Llo 4_L*.^q (J 4^Uja^l J^-l 

23 «.4_ii lj jJ j (_^jJl ^J^* 11 (J^^aaJI ^Lol Jj <^>oll ^flSLLojj JUlUI Jj-q JJ^J c_5j_iui 



4_ILuj La jJ^Cj <<_£j j (j j H jAJtll J[ jj ^ jJI 4^ j^jj! (J J_p>. jJI (jl^j 

^j-o ^LLoiIjI IjJIj (j^J ((, C£J^ CJ-° <1 uiA ^ < J U> 1 1 4_iLfej u v ai 

24 «. c >jJI l^-xk Lie olilj^)) 4^J^J! ^jUJI (jl 

O jrV^_s ^xJ t4_tuj jiL J^jJj ^jl 4_ilc (jl^J t4_tu jLxJI Ojpl Labile ^ (j- ^ 

4_ujj J_o_s dLI j ^j-Q 3^** v ■ J *f 6** v v I Cy* i— ^J^JLj 4_iJ^_i 4_tojJ-o J s 5-^ s 3 ^J-xJ ^IjJI^ 

(jjlj m nl U j 4 Petersschule Jj< m 4_^ j ^ (^Ualo J S 3j< \\ Ji\<L 



(J jjlll ^t-^-lil (jxjjJ jii t4_Lu^i (J Idxab (>.*-> ai (>j ^ J-^jJI (_^J^_JI dxaljJl 
4^1 Jl^ [IjSU ^Ui jji^ Xj£& 4^ ^lolxul 4^J .^J^KJI oAjll 



25 r 







VA 



3jjJ* J oLiU)!lj 4^,h ? H oWjlc^l Cul£» .4^L^ 5iJ^ 4j UjMo Jkv m jjJt-^ 



27 .. 2 



4^_j J_cs t^i mij ^j- i— JjiLlLi 4_j^jIj 4_ajjJ^a (J| 4_XxuLiJI (J ^llxuijl J-flUjl 

L^L jjG cul^j <Luitpold Gymnasium Jj^jISJI J^GjJ 4_^ 



.J J (| J 1 1 ^ 6 jtaJlJ j 4j iflidJI jljil jjxujjll ULla dJj ^Luai ixujjll O ji J ji J 



^jlL (jl^j ijjjj^kJI jx^J (J^Li (j^- 1 f-^ t «4jjj)(3jll 4_lLjjJI ^-JLxjJI Jj_L^Li3 j^Lj 

J uaj ^pJI S^Lla^LII j-o Lfrlo 6 jljil 4 vfl > ^JJLs Lq J \ c. L^j aI iflJl i_ 



."Ripley's Believe It or Not!" jr^All ^ ,^1 1 jj^xJI 



(((oLj^LjJI J t-Miijj c^j '^L;>H : ( jl s 3lau Ripley J^j jj^c ^ oLLUlLo 



Ixaa. CaISjI tpl v i^iLjjJI (j uj mjl jxJ» i^iq Jjj (j-^lliuijl <i 







30 



4j jJ ^l^)) S j^Lc ijjlDI £_L Labile 4Jsl 4*vfljfl ai j <« jta^-J itojjil oLJJ^Lo 

P It - * ~ - P 



oLjjJ^Ut caL Jj 1 ^ Je 'v^s ..rv<: 1 1 J Sjj^jII caaIjJI ^Lli^I 



6 J^)-fl-^-> (JjjJl^j ^ < c^jlIJ I u-xJlUI :4~0 vO mi (J s 3-S3 s 3 <4 mflj i $J >Ja II 



31 «. 
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4jLs ^jjj j^c 1!Ll5 d \ j Us *\ 1 ^pl3 uu J CjLaj| — (gj 7 ir\\\ Cj 1 — LsLcs Qfl i ^> j 



j aU >1 4 P %% Cm ^ Lj j (. (( LoLa3 n^jjuQ J_iJ^ ot-ijl)) 



Sjllxil JjUH i^jLulA J^LaJL Cul^ JO ^ tULcu Sj£axo Cxjl^ L^jl J^klj ^ 



p|j£. J_C ^ jJI pLqIc c j-o jruLi ^JLc 6j£.J Cul^ <£^J_uj1 J£ Sj-o 4^ail 

c_JLLs 4il >An mL SjLxJI 6ilA au >l jT _/\-C J^j iixuji 4_> J 6jLc Cu "ill 




Jl_ dJj J.XJ 6jr^c) Max Talmud jj-oJj ^x^U 
4^^juujS!I 43l jLj oIjj jij oL^JI J[ j^U UjIc Talmey 

P P P ^ ^ 




4^1-v^o (jJ^j (J 4 v m^>11 ^j- ^AA^- jl 4_tojjil (J 4^*^Loj 4 \^ t^j -L^Js 6jl ^Jj 



34 1 



((.4_i^-ojJI 




iLaLJI c\h £j\Jh)) uuj) JjIjj ^People's Books on Natural Science 
tpLjjUlj pLp^l c^u 5JjLi1I oii^bJl J_c L^i j^lj ^Aaron Bernstein 
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i^jUsJLlI J| j IvJL — 4^1111 ^Ll^JI (J ^^jiajil ^ ilLLo S^iic 




^jl — 4 v v Ltilll 4_ijJ^ *_l<^j (J Jjlj Lq_lS (j^lj au ^1 1 Q a^AJ ml ^^iJI 4_> j*\ 1 1 



d^^-^J^ 'J^l uU^° j-c- 




il^Jj jil^UI ^j^l i^L* l^i 3^ ^pJI il^iJI dj^yni jLUUI 



U will — (jjlj uU |1 (3 I iftf. IjjI CxSj^-l L^-jl jj-u SjLlC tP j) i/0 11 j J i^fl L$_> 

PjjAJI ^1 ^jl J£ U)) I^LLlu jr\_J J Li JJLJ Lpjj 4_J[ J-^j3 LaJ 1 (pQ^Lc 

^x.^11 ^j^jLSJI p^jAJI 4_c j^jj (j^jLS J_c ^JJaj (jl <LoLa3 4x.j^oJl jnfln j -s 33 

«.4_*_i_lUJI (j^lj^ ^ (jA- 1 



<Lr JjJI d^oJJ 4juJJ ^U^lJL jO^j 4^£ cul£ Jii i^j^ JU33^I ikujj 



36 «.<jLuu)!l lilC 6lj3 ^ L ^jj ^jJI (jLuftll 



^l^l^ll Jju Lui ^13 r7i n l jSJ&j .iunUSll 4 0j0^1 1 6iA cii^3 Jli\ oLjJ^JI 



^JUJl dJj dllA g- jlAJl (J» :JUi <oLL£JI 6 1a <ui 4^u j£ ^111 ^ojo^ 11 ^jJIj 
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(jjlj aU J SjLij J^L^- dlj^-S^-U (J ol^^lxo JJLJ Jj-cJ3j (J^l3 aU >1 ^^ijJl Lojlcj 



6/ 



jU < Ul* ^jIj v L^» :JUi oLL^ j 4^1j ^ jj^J3 4JL0 ,L^J J 3 ^\ 



38 



jL^ajL 4lc Ct,\^*vj ((((jAjjill jr\Ji_u^Jl 4 mjj^ 11 i_jl3£» Jjlj Liji ^ 1 3 mi 1j 1 4j lc. 




39 ' S 



Lo Lc j^jj^ ... 4-a JCM 11 \ ■ \ ^ U 4_tol^jjJ £^^>£3 ^3 Lh°s3 <4-K i jLj^JI Jj3 

40 ((.1 (j La^l (jl Mil ±c\ 4 \ i^>L jJI 43lJ jfl^f. CxLLLjI 



^ c^jJI dJ3 J 431 <Kant L3£ ^jUI c-ijmljoll 4J o ^ ,7, j » :dJ3 

1 (j l ^ ^pJI — J^jl^ Jlocl ^1 jJ-ui c6 jjcSL 6 ^OoC 5111111 (J ^1 flU Jlj-i 



J nil J[ j^T Critique of Pure Reason 4_>L£ 6jlij <<>>jJI ^ S^li 



Lq 4_uA5 (J (J-gjuJIj iErnst Mach ^Lo o m3jlj David Hume ajja j \6 






3)^3)) olj JLS Jij jJI j ^_UJI ££j iopl jil J-C j I 4jlxoIj 4_^q_UJI 

^ 4^ Uj — ^jUi I3j4> (jL ^iuJi o'^-j 4 ^q^h mil j iiiiJi icjiJi 



u"^ J*^L=». c 2)- q — cJll^jj Lq ^jLcj^jj)) t4,.-».u.il j 4_iJj CuL^ Ca^^I dLl j (j 



41 



Lo JLo^j ^Lujj^! v r>r. ^IjtL^.Lj 4_l1j jJl 4jJ j U 4i^.j^ ^j-o CM -vl jili dLI j ^_qj 

pIjSII 4_oL*JI 43 jJ^i J J^a-oT. Jil 4_il>jJI 6Ja1xJ1 J-C ^Ij ,Vnl J j^lJ jK 

jjfcj 1 4 U 1 m i 1 1 j Sj vfl * ll j^-l<^ ^ j-o Ij^-fl-j 4_Lk.ljj jtxuj jJLi tSjjLtuJt 

(J ijj^lll :J-*j Lui Jlij t4j-ujL.M.Jl 4j1jTj 4.J.C J_c 4J*^ taj Lr flJl Lo 

^Jal^oJI^ «.J^ 4ic ^^^jjl ^-q s 5^3 t4 1^.1 >nll (J dLiuJI ^"O'i 

.4jLl^» 4_iiLi 

jl Lo d \^\~^ * SjLc Cul^ 4_toLiii jLixJl 1 (j^^jiu jl Jjlj LoaS 1j l_S s 3-*-"3 



4j^jLjJI ixujjll (J LLij llJLL jl^ Iodic dlJj (jrtt^J jfLi jJ 4JlL1 tbjQjf. gM«^l 

ej^itol jl J-ii 4«4_tojjil (j 4j^.IjJLj j.*.u.u j)^-> !4~fljQ Jj-^J .gutjj <t\\ 

( J_c CxLoj (jl^^)) ij-fl^-o — j-ojjJL 4 1j iLLLoj 1 4 v j nj jJ I CjLujJjJI — (jxuj JjJI 

43 «»(5J^-"jJl11 laU.^y^l (J_C Sj^J-o ^j-to (J ^xAJjjjG 4_s J.^Oj ^jJI tail 



Lq jic » : JLii jju Loji j-o^l ^jjlj au J ^uii j auuJl p^j-A (j- lj^.1 j (jl 




44 ^ # 



4_to^j jlLi 4jutol^)J j-o 4-o _/G ^3 LiJ^ai 4_o^jLl^JI aJajJ 1 ^1^-jl £_loj^J 4 <A fl^ 
t(j7i 11 (Ji J— JLij tdlLlA J 2I j\ iLuJl t j-Q ^^Ltol j5 j <^jj-o_i 4_i ^jLUl 

jL^ Jjlj Lo-jij ((.^^1x11 4-ojJ£. j^l ji jjilil jjO nlL ^-ij 1 1 ^.Ltilll (jflVvj 



P p P 



((. 



* 'I 




(jl C. P. Snow ^Iuj ^ <^u ^Lkj jJI JUJI j ^KJI ^LLi^l JLo S >o o13 

****** * 

j! jL^)!l Uli*_* ^ jjlj <gL j^jj «^Uli <iuLftl Zwang 4_^K lJ ^i^ 




^-q^Lq jj .w^ (J i^ijll \±& j£.Lo jij i^jj-Qj 4lxojj-o (J Zwang j <^ 

t^jjl'v aU J (J-aC 2-°*^-° f k - UJ J L§ i— aS^ll 1 j£.l_to — JJt_i Lq_l3 L^J 4" i^jLjt-Q pL 



Lai *^ujU. jj! 4j — .LB UU3 4lo (j^U n (^jJI — 4_kLJI <J j£_iil 

pi J0~ ■» r> (^JajJ La aJl 4l^lo ^^lll 4_> jjLlI 4 1 C 4-J^l flj nil 4ij J_i ...i au£ v ai 

((.pLijjiJI jxic (j Sj^j t4 ->> mlj 4_i_olc 

^kl dJ 3J 4^Uj .iujjjIL ^USlI 4^ol*-o Jl ^ (J ikLaU jUl^^ll liA 
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5^^i cul^ .IjL^ jL^j^l (jl^j tSL^i 4_iJ SjL^j Oji^jl Lq j \ c. 




j^Lc (jj t^jjl^v au J 4_ujIj J ol j*^ mi J*^Lk. LLL^-j 3^-^ Q~t^ 0^3^^ 

Ci n\\h j-u^j^jl ^jL^.^1 4_u^^ ^-ul i^>r> Jjl Ojijj ti.qlA^Q LajLo L^_i ^jl^ NAA^ 

pLj^JI jixj 4JI1JI 4U0 H ol^JI J^j <£\*^ Oktoberfest 



S ^ulc L^l^Lai JJC j_L-i 2^j_lq ^^.I^-l^ ^j- 4_ij=k.Lii ^j^>J — 2^_ulj^u 4 fl lall 



1^1 U^o^ ^J^Q ; au I jUJL Joju Ol^ (xlj^laiL — iaxcu ^1 




UUg SL^o K^iJI oiK .iu^JI obb-Jlj .S^^JI jSljjl] 3JSII ji^lj 




(jj^- f\ i^ij-ZjA* ij^jlSJI ixojjil SjjIJlo J-c JjiiJlj j^=».i ji NAM 



p p 



p p 



i 





Jl Ja5 jjju ^ 4il ((C^mJI)) 4^Jlj j^lj ULkjl Jl I4^jl* oJ^I JL^ 
£jj-0 *3 4 iK ^ (jL^jJ^H JjL^jj t6jji-<u (jjjjJ-i ci^aj 4^L LaAj£.j^ tLijLlI 




50 .4^aS!l 4umiK <> J^klll J 4^1 SjxLu^ ^iU U ^Lc^o 4^ Li ^jxo Jl 




i 




6j£i III** (^ij <jl *IaMI J g-l taJ J j <i£UJI ^ j J^xJl J jcluu 

olji «G&U v U-cl ,vJ j LSI jij ,S J jll pL^^JIj oUJilj oUuJ^liill 



51 






CAf-lSlI)) £-0 <_>^l^£ ^>_J I Ufj I ((iULaJ)) CajI^ JO ^ t^USll ^ mil L^J p uUJ c j^j 

((.a^IjjI o ^<i<:j ^ jJi ^uSii 



Jjji Jj^ c^j^il dJjJ \ Zurich Polytechnic L5 1£JI £ jjjj j^a* 

J. & 3 ^I^JI J S ^> l^&il ^jjj t iojilLI *L>iJI J 43^1 Jules Violle 



jjj^j (J L -l^.)) :Jji3j <Jj£jkJI J-c 43jji Qj(3 kl J_clxJ1 (J 43ljLc ^1 41SaS ai 



^ p ^ p 

6Jj (J Uljjl j t4^_ij^!l J[ 4 mijj <,i^ run t 4_s^.L^i 6 jt!_l£ ^Cjn^ o 



Lag-© ^j-iiijll (jl^j < (( 1 y \ la llLo JUi-Q (j jrp^ll SJL^. C\ ai J » :<jl jlc C< -s j 4-j j \ 1 1 



J pUIxJI .4j^xJl ^13 ftjjT SL^ J iLoLol 15 jJ ^jlIj ^j^o jrySlI Sjifl ^ 



oU. j j ^ia J.^^ \ ^ \ \ ^Lc jj <Eidgn6ssische Polytechnische Schule j^juJJ jJI ^l^ 

tLia^j^lll ^^ujj^JI Jljj^l jflttl jl Eidgenossische Technische Hochschule Jl jr^j &l j^JI 
jflifl ^Ziiricher Polytechnikum jaj L^j ^aJI dJj j ^IwVj ^uk jl^lj t ETH ^ 3J ^JL 4JI jLiuj 



^iu-jj Ji-to^!j J-c^! Ja_toj pill jl LJl<a 4oL=^jII 

llilo (c^jJI dJj J J&l J-c) (jjlj ,7, nl jl£j <^l j^oil SjUl 6^ J_c IjliUlj 



jl^j ij_JI ^ Ljjj£-qj Sjii S^pixfi. 0-° 4_ajJa c£^-!I O^-jJI jl^ 

(Jj <3jhmU11x*9j(|<11 oL^jll (J Heinrich Hertz jSjru* j^^l^ olil £u£l Jj^. 

^.n da Li* 11 JL^-ll)) j^-uiCi ^jl j^.^j c-jji ^jJ Ijliil j-jLLtuijI ^j-la 6^ ul lj-& 
ijjj-a L-iLoi^Loil (jSl)) liii-a oJ^-uj IdA <jl (^IjJ ta^j^ jLp Jj^ J^iLlJI 

4 -» uaj ^jlj jl£ 4J>L ij^jlUI 43_ujIjJ ^ jJ ^jJI c^JLLJI j^cl 




^j^jli tj-objl J (3-0 JjuI 4^ jJ Jl_ £ j-^ jll Ci^J (J J^JuH 4^j*UI jl jll 



53 .. r 



«.4j^ kaJl J_c 4_*Mc <al J-C IIa Ij^r-^ ^1 

K J? L j l^lj <jl£ ^jJI .Caesar Koch ^ jljf^ ^JU. Jl c^JI S^J 

<Lr LiJI j-j^jj JbJI c-ij^iJI J Jja iin I I (jl^ 



Ljfnnn j^l oj^l LT^^ ^J^ 1 O^ 1 (> 4lui ^ lllS 4^J 



54 „ \-S 



..1 1 taj J (; 1> 1 1 Jx> J| 4_1jLaU ^jJ ^ ujJ^ < c >xJI ijJLc j-c c-JiuJI J 43 JcLuIj 

£jC 4_»i c_j^cl (_^jJI j-ijll Jj (j-Q U"^ II 4_oJlj 13 ml ^ v laj luj j ntl 4-1q 

pljL (jj 1 3 us \H £a 1 1 1 jii dlJj ^(^jr-jil Sj^ ■» II JiJaJI)) Y±£t> J^-si (J 4^_ u.i 

NA^o J^l ^^lu/^j^l j Jl 4^3X1 jLkiJI Jil^ulj ,J^JI jUJLol 

((.6jjA_i Lo 4J j jjrlj l^cLi» 



1A 



Heinrich j^ji ^^1^ j $ ■» 1 1 (jxujjj pLjjiJI jLLujI ^j^ilj t 4_ujL_uJI j oLUl ^Icj 



<jl jrA_c t ^wi.o cJLL^ ol ^UJsl ^A^jj £ jjjj j ^IwVn! L5 aaj (jl Weber 



(j 4_toj fc l<s_i jljxJ 4^_to A i ^jl — J * 1 1 j-iJ-o 4^_u-^j J-C pLj_s — j^ja ou *l 



55 . VJ iJ| cjj^c-J ioiA^. dxp Jli\ jjl 4_^ 

^l^j < jj^=JI Jjjk3 J_c ^^LLJI ouj ^jJI Heinrich Pes talozzi 



Lflj Mift jl^il^ ^j^J-oLju J_lo*^LL1I ^jl^)) 14" Q v fl mi <J^ILj^ ^ ^jlj ou >1 l- 
^l^j 4^JjlJI (J jjO^H ^ Jfl*v "ill jta^ fllU j^t ULqIaI Jjj itujjil Cxjl^j 
^jLtojl (Jj t4 rnll (j -0 J-^J tJ*^ L)^^ p N ft 1 1 J ta J ^ ^1 \ mil 

4_s_xu!j £j\j)\ MtlL> L^jjUl LqJ^C)) Lq_lS au |1 JUs j t^l^v Mini 4j^j^ ^ jJI 



3U1 Mill J-C J-OIXJ (_£jJI Ajlxlll J-C 4j.^^ Mill 4-J j\ Mltlj L_S ^^11 i-ij^- J-c 



a flll» jJU mi \ ^ ui^ jij t^l^v au >l 4_>j ^r. I ft^j ft QjL^. — ^jl (J 

pi v aiSll (J-C a^a II 4 vfl |^ aU*v! 4 ^0 vfl^ IIj 4 v atLatSlI 6J ji\ 31 v atjJI 

ixij.\ j uuij r u^ii ^ J ,4^^ siiji^ 

58 «.i^lUI 



ijjiiJI ijj^llL icu jail dJj j 4 Loij JJl^ ^1 wVm! <jl iA^Jt jr\ij ^ U-oj 

******* 



4_u^-L«a 4_^- J^-^Lj ^jl U" ,,.1 1 .^A. ,T, .4_i^LkJI 4 v v loLII ij, I j-CuLlo l/^l^ 



ia^Lc Gedankenexperiment 4_iLAlJI iijilll ^ jUjJI e> f >>JI 11a 



^UiJIj p^LLJI JUc I^ji^j jcLuail £jLuuj K^lLI oljLk^llj jjJI oL^i 



4x j n r> 4x^x^-0 Jl iiL^)!L t dn^o ^L^l Jx cJ^jp ^pJI jL*^!I i£L£ pLj^xJI 



.4x.jl.u.ut,l 

S j^jj! ^j5> 4_xjIj S j-ujI *~q c j^,.r,i.u ^jl^ 4 jjT (j (jxjjj-i (jjlj uu J ^jl^ 1 rn ia, 

Jost jhni c^o^ dli* <jl£ ^ .4LjJ^ SjLil 43L^j UjI jil J^jr^o ^pJI jhui 
Ijjj 4^jjj ^jjil J iuUjJI 4JlUIj ^jUI ^jII Hi** Winteler 
U^jUjI oiU. J[ Ha jl Mamerl JjruaU ^IXoujI U^jj ^1^ ^1 Rosa 



iijl g jjT\ mi (Vu^ 4 Sjji^ Jjl Marie ^jLo I o^jjjI ^^uaj mj .4i.i mil 

C( jjlLouj1 pUj-^I ^ j^l 4 Michele Besso j.m.uj ^ Anna Ljl ^ ^j^l 

** ** * ******** ^ 

.LLo 4-> 11 ^LLoiIjI cj^-I Paul J^j Lo^jji ^jj*v wnj 

4-1 mjJl icjjJI £>LiJj 4j \ nil rn^v ^l^v ou \\ dljLiu LJI j-uJ jjjjjj Q < ' t^J c__J*^l 1 (jl^ 

J 4^olj nil! 4lJlioj 4-^^ I jcLo jij ^Lc 4^.^j 4_^jiJI icjlJI 6L^3j iuli^l 




.jyOJuJl 4_ij^.j JjiJI 4_jj^-j 

^l^)) : LsT Jji3j .4iljj-a oLi^Lc pjojj IjoUlc gr uqjj J-c j b jj a S ^ul 



J L>LpJ j^ljj ^l^j «<(4J5 jUxl ^ LL^I ^l^j ^LcjJI ^ j^ 1 








.j — Hans Byland j^^LL j^U — 4liJ jj j^l jju Ujij 



4 LaibJ Lfljlj (jl^)) I JLii t^AuOJ dljJ (^3JI «^3jJI mil)) 1 oiAJjO 



^ J-q-^ 4 a lq jj-l jf^il — (jji-s tl Jj^l Lojj — ^j^JI ^LLi^Ij dll&j ll& 



■ » 1 ft ft 



ilollll (J dljjl Cul^j t4_uji 4_jj3 (J 4 Ojk j j LaJ n ^yfej Jj^Ls j ^ Cul^j 
O Jj dij t4_ol 4*i mil (jjjlj J v * \ 4Aj_^j ^jLqj ^l^v uu >1 J-ujjI ^vu^ll 



62,. r 



((.6j-qLc SjLxxo (_^jLq 4_ttul Li ,^a*3jJI dLLUjk. ^JJL-ml)) 

** ****** 








j ^uU^ ^pJI 5HUJI dllLoij J-c L ^Lj^ l^i 



4_q ^-xaj I (jjlc. CajLojIj ^LaaJLVJI (jtj jta ^ .^11 dLj-X a^j 1 Q ^ I LaJ 



LL(JLU_il 



ss p. 



.Jji (j- <J f^^l J^' 



<tr >LLaJI 11a Ijil ^1 :4JLujJI ^LLk (J S jLc L^aLSj L$_d| 4_J jja j 



^jlj g-l ^r> v*\ II SjcLttua J| ^LL^j 4^1 J^ifcjJI j^J J-S^ i iSS s r,t ^ Cj> jl flXo 

cJia)) j ((pi lAJ^Lll^ 4jbt>.ujA]l 4JlUI (J a > II (jjj^jjJI 4 I i^l » LJ Ua^o Jl^- 1 




P- «r 



(( . L^J LoHiUO Q/mI 

(jA^-JI lA- 1 (JJJJ-S-II ^J^^ i^^ixol (j 4jj aiA II jAxj)) ^j^jlju jx^jl ^ d U n I^->.^ j 



p- .p- 



Sjj^LuJI 43LoJtj)) OjIjIj t^-LJ 4x.jUfl o (J Jj^l ^Lo^JI t_ajLc 4 uaj^ IL ^ Qj mi j-q 

((^oUilll jjG Ja» :4JLui ^LUI ^UUI lJjLc jL^I ((l ^L^ ^ ^jJI ^cLLjtj 

Jj^ Q^- 11- 1 y / u I (^jl O ni ^^1^. — «!4i3c (J 4jjJ mil 4 ULxJI 6dA 



4_i_^. jLk 6 ^[ Ci mijI j^UI ^LlAljl 4-jj-s mi ^1 4_J| ^qj luj jji j jj^LL dl jjlj 



oY 




I l^LpJ J\ dl^aftl 6^m& ^jLk jflkni 
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66 r 




hi ■ 



^» 4i! — ojJl yJJ* J-c pLl> J-c dJj ^l^j — iptftl 4\wnW J^LLujI 

Jaj j-jjjj (J iali^l olUJ ^.JO" 11 Jlc Jill O jaJI Jjt 6j mi j < <<4_jAj J i^jLUJ Lr cillj 




^jjjJI j ^jf* (i — pLSI o[» : c£ J J4f jji^ ^ 



JLl^s. £>^cLioi 4^Lj2»» JI^Ls j oj Mil (_^jJI jj U*v 1 1 (j-Q p^*- 4^1 J_c jjj t4_s J^^_JI ( ^> c 





^j-o oLa-jjJI J ( >c jl v mill L5 _Ls ^Ij ^LLxiIjI J-C ^^iG (_^jJI < JU^JI 



^^jlj 'Ij^J-a J^^J ' N >= fc '^- Q J-^J tlj t 4_JLc 4j=*.jJ (J-C dLlj £-a J 



J '^>>j t 4_JLc 4_a.jJ J-C J i^»>j < 4JLaj3 J S (jxLQjkj icLtu (J ^llcLxo 4j J_q Ijl n-^l 



(jl jrtc A'\ ni% p^L 4_ii J^j ^3-1 1 J j jJl pJ^JI ^ 4-i.M.ujiJl 4JlU1 o3l^ 

<4^l3U"^l <i fJ^' ^ hus*] J&l\ pJ>^J1 ^ ol jli ^ 43^il 4lJLLo 

^^^j^ j^aaj ^ajJI L_i ^.u.\£ ^^jLjL^jlqI (3 o ^ ^ u^^v n ^iaJLa. ijj^ 

tP-LijjiiJIj pi s i^LjJl 4_toljjJ ol^^l^JJ cJLl& ril cJlj-iuj t^^lfiJI 



^^ijjli jij ... J^Jsl j (j^LijJl fllil (J 4 j .^-^ Mill ^JIx&ja — JjSll 



i^^JI JUckl 6^1™' ae^ 1 CulzjjLi \A<\*\ , Lu^ j 
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ij-ojjJl SLpJl JjL^Jj plj Mil (J ^piLU Jjj 6j£i J-cl^j1 aJj <l mj'i(j .^1 








cr^ 1 CJ*0 -4** 

\^ N A^n 



ixjLJI J jjfcj (jjIXoujI O/JI 4_> JajJI Iodic oj/vaHj £^uijJJ ^LuSlI J 



Ua-luj 4_q_ujI jt\JlHj Lojlc N N N aLc (J (^fl-ll J (3 •» 1 1 L^fJj. J t^J m ^3-*-° LT^) 

Eidgenossische Technische J[ Eidgenossische Polytechnische Schule ^ 
^l^j <A*i*Jlj ixujIfJI j ijl^j 6^ ^fl»H J <(Hochschule 




1 u 



U — I nj a J Ludwig Boltzmann ^UjlJ j j J jlJ j Hendrik Lorentz 



J[ Mill J LaA^I Llpj LULjjl ^UixJI i^£jr\-UJ . flj£ JJLJ djj-l 



oL=>.jj J.^^j ^^liJI -» II j j^jSlI 43l j*i n. J^U>.j tSj-jd^. oLjjJ^ 

(J J^Ei oL=>-jJ £Jjl J-C J I^AJ (jl^ 4V\ I t 4_jjlVJI pLj^l gj-*^ (J 



gufcliil jSL Jajj j3 pLj^ i±u>LuH\ ^LIL iLj^xJI 4i jjJJ J ^JU^ J liuualj 

2 ((.ljjfl 3U 4 J i^L^JI 



i__>l 3UJ Mil JjL^j Lojlc JQC Jju 4 Lia II 6«1& (jJ I J ai 1j I djjj mi 



J-C jLoIc^l J I IjU <^>r> 4 aiij J-^-JJ t 4_u jLJI 4^Li^Iij (J ^jjSsQ II < i^L^J) 

^Lc 4J J-j-qj (J| u!l$ j t n K K 4^L Sj-q olj 4 a j ol v '^L>j jLlxol SuIcLxlq 



j^lcl ^pil oa I cu£ dij tolj.^LjJJ I ftjkc. Ul^la.1 ^1 c>a aU» : N ^ N V 
j^c t_j^cl 4^L--^. 4_sL^_j Jjjl^^ ((.^j^l /P^- LusJL^. Li^j I ^ \<\ Ll^^-oc ^j^*^!I p^^JI 



i 



4 j lc ^Jl ij^jtilj Jj^O II ^L^JLol (J i-xxoj Lq J \ C. ^^1^. 4Jsl 4j=».jjJ 4_i l^v ^ i> r> ^.Lc 



^1 5U511 ol ^Ldl c« j^i c*l ^L^a cul^j ,^xil J caJjSII 



4i&li icl Sjlj^JI j-JzV^ yui ^l^)) :4_uIjJI 411uj J^LL t-xl^j <4*\^c.l 




p & of ft p 

d^Jl c^Ul 1^ ^Lj^iJJ J^jbJI oUxuLuSlI J-c 1^ 

jjJ j^l jjlj p^uii J <\q \ :dLlj j^c 1 3 mi j £jjj^[jtA.\ JU dij 



J li£J ^LjjiJI c^Lo ^ *Jo J£ cij^ L£ LlL^ljj ijl^i <Helmholtz 






j-^j c^Hl James Clerk Maxwell d Jjj.m.^U (J^uaJ i^kxJI 4_^_UJ1 




p^Lqj ^j-o e-JUa >— u^j tpj i^>11 (Jj-q 4 v tiuJal \ i es j^^Jl oL^jll jLouj! 



5 «.iLl^i 

4 oiiuj 6jljlc^! t6^£.LibQ ou >l t 4^ i Sjj)fl*Ul 4" * v v U 1 Ijla^ 



(JA D t<~\^. UQ Ul-Q £-Jj 



LAJIj 4^-11 ,Vnl SL^ jjG 4^ j^l ^llo ^ (jlS 



4 Mill J-C (j^ljrtX.^U 6jljJU Mil :i_>j|j-tuJI 4j*.jj (J 3-°^ ^ ^ i^Ij-q 4j mjj oLo-taj 

.Herr Professor «3tluAn j.w.tll)) ^ ^jj Herr Weber jj^JI»_j 
j^j^ *-"o^l J ^ u 1 ^ <s^ H^ 1 f^ 1 c^ 1 ^' 1 '^ 

t^lj au >1 Li ljj=k j i^i Cut)) '(J^b aU ^ JL^ j tC>lj)^ mi 



i^Lj^l ^jL^JI jji^ <4jW11 ^jUiJI ^ j/w.ifl (S^ Jean Pernet 

******** ^ ** ** •* 

» s- p g # p 



J_C pliij <Jjill ol^U^ ^A^j L IjjLi (jjllAijI <jl Jl U Ja. Jl 




,_,U1 




Carl gtjjj m JjL^ j^-j tl 4j jr\_to ^_uL^ j 4JL J <^ JjJLj ijjjaJLl Cj\ t\\\**s 

a3 iiu, J 53jjJ1 (jjl^mn! ^1 <SjtUil ^^Iflw,^ :Seelig 



\ °\ jja! I ja\ ^^ii 4 j^nAJL jj-UJI 6Jj5i 4 j lr. CjjLc 4-il frill <Jj 



J-C 6£j££.j±jui\ ^ 6ji 4->l*V\ 11 ^ ^j^-ll 4jl1oj <^jaJI 4JaLiJ 

Ijli JpLuIS L^l J-c Ulj ^Lc^ c> J^jJI Jl OjjU.^ 1 »» : jjl j ^L^JI 



of 



jklil Jl ^ jil 4jJjua. U_i 4^jLJI <j£J ^UUI j-c ^jjJJ jLc U ^Lc ^ujj 

.^jjL^jJI aJLc J! 4Js-q 

oL^LjjJI jllxol 4^ j^l ^U^H jftl >o^l 4J o^- 1 




JjIjI j jJjll /^"jj csA>£f j^j ^Hermann Minkowski < m$j«s nr> o^J^ 

******** ****** 
** p p ^ 

4^^J^JLj Jj^l^ Mini uJ ^ r - I j3j ciifl Ijj LoJ-aij cj^3 ^6^)-aC J^o ol i\ iI^LjJI 

* jS^SlI ^*lL^j 4j^J <pl \ i^LjJL pLjj-ilJI ^^,M,tij < v \ v r> L^j ^iJI 

p p p 

cGLqLqIA^! Liij t 4jL^ J-L^l £jjO (j-\ljl jl J^-lj J-Q J^lli (jl 1 ^jjU OU >1 (jl^ 



11 



(>_ijill plSjjufl&l ^>-a iiJllo 4-Cjr>^ r> a_a 4_uLull 4 ^0 v mjil Q^l 0^11 




.4^Lp. (J oli^LxJI ^1 ^ Caj »^>1 £ JJ^J J 4-ajlj ijjfli olSlj 

*Marcel Grossmann ^L_ujj^ J-^jU pL3j*^I p^Jj* c^j ^ 




Jlij toLo-J j^j cJU_l^ J-C J^sjja_q ^ (j q J 4 fl LulflJl Jj^>. pljSll ^jLjj 

t ((Lq_J^c *bL^.j ^.L^ll (J Ha ouj] ^t-j_L^_> t_ij_to» :4_ijJI^J ^jLo-ujjj^. 

Jj i -s 1 1 (J au >1 j£.Ltu_i 1 OJ v^. Spoilt j lAAJ (j JJLJ Loji ^ uU t_5^-to j 



13 r 



.4-oLc 4_ijJ^j <J! i^UJI 4j j mill Jjj-JlJ L^=>.ll^.l ^Jli\ 4-j .i^L^Jl qLI oia 1 
iL^lljl ^AflJsl j iiLklo jJ-G ^ *^ 1 1 J ■» 1 1 ol {jjQ JjJjJI Cul^ Li J 



Jl (J dJuUi ^jjjLq^j ijjJ^jJI pLjjiJl SjjLuS! Oljij Jjr^ J (3 t 1 1 ^ < T n i> J I 



j Gustav Kirchhoff ^J^^jr^ ^Jliujj^ :j!jjJI p*^* Ca^ e> (jl^j 
^j^Iaj 4 ijjlj^JI K^LujJl j Hermann von Helmoltz jjJ^aLa ^ji o^j^j 




l^KJsl (J Boltzmann ^UjlJ^jj t 4 w.nUlljuajj^JI J Heinrich Hertz J^jru* 



.4^1,^1 



^jJI August Foppl Jjji cim^jl j-a S j^Jl J3I jJ^Ii SpI^LIL Li^l 



Introduction to Maxwell's Theory of <jI$jju NAM ^Lc ^ill 

Jjji <j] J| Gerald Holt on <jjjJ^a ^Uh* £ jj^ jL£>lj ^Electricity 






<o->Li .nUI\;llj ^1 ^ 4^^J! Sj5UI J tL>£ 4^^ SjSlj 



4-A-*S\ Henri Poincare 4_ijI£jI^j (jj^ 4xlji oij j jjlwVJ 1^ 

(J ^ \ 1 1 J Q * t L (j^lj n\\H JjSlI 4_J_ujI jdJI 4\ Mill 4_il_3_j J^jij ii-^UJI 4j ^ mm 



Jx. iLj^i Cw.nl 'ijjj^l 4_ujJ1^JI Jl^j tjlkll ^UjJlj .jikLI (jliil 

15 ((.l^l^il 




^_£u ^. ft. US £ (4_LS ^ v ^ (^3J1 jLS_xJI 4_l^.Ll^ £_0 JjJjJ,Li mnl g-L<.u.Q CjI j 

4_l^-Ll^ 43j^k.l JdA JLto Lojlxj iOjLttu^-Q c_LJl3 ^j- ^LajJJ Uu^-oj ^SjjLJ 

J-cj tjjLJI (jjjjjjj JjAiL> ii^ixJI 5ijiJlj jsaij Jj^x. Is^lu L^jL jLlxJI 

t^lc 4_L^jIj ^1 iSLi ^jjjj ^jl (j^J dh ~^)^ 2r^^^ 4^Lc^ < ^^^.1 ^^3^! 



IT 



P P P P 

1 



<^JJ1I pUkxJ JLda$l ijji^JLj (J <>l£JI ^£UlJL> ^LaXI cul£ Lo jdL> 

cul^j jjjj J (Jt\\ au Slji Suzanne Markwalder jJLK jU (jlj^ cul£ 




P p p % ^ 



p- f- f- 



«.^jjJI 4_l3 I ^jl t ^jl^ <jl^-LI cii 4^LaS ^jxi jib t^-^uj j <«(Ja^. (J^oi j Loin's 



(Jjl^. (_£dll £_id_dl ^jLqjlLI pLldl jjSs ^Lij OjLttuj-o (j au >1 u^> C-l Lo 

4 * — 4 1 i^>fl II 4 loIslII 4jLjjJaj JiLa — j J-lj j < «jjiJl£ 4 » jlu LaA LLujj j-q 



((.I 4_Lq ^J-u^-sl ^Li (jj ^^jl j .Ij^. — ^ ai 4_j| J CMC i i (^-^ J? (3 ** M ^ 



<* * . 



(J '^ -*^ L^J^^' LT^ ^' L^i- ^^tf ^>-0 

iclj^» ^j^-uJ J*v LO j^-tlj t((3Jl -s i^>ll Jya p^Ij)) JjlLfc m>i ^jl^ :4 uJjlII 4^ljl 



P ^ P P 

^ Jljt ^». o JL^jU .fjj^ irfljl ^1 ola 



jljj^lL^ ic t yk3jJj auJl I J (j J Ladle 4_sLl^JI <J I 6 jr\Jl_^JI 4jji£o gji^ 
18 ((.dJd^- ^ J^^J jjiJI J-C dJtXaU ^LjjJI J j ^ JJ ^1 J J^-OJ ( j£Jj tiLIUI 






\ \ \ iss ^jl^ Lo J-lc L^-J ^JLxu jc^JI 4 4 oil > mil Lull 1^ 

c5 3 ' *L>4)b <4_u>^ f'j^b 'i^j^b iijlxu^JI c^icjiJI ^> jj^j 

j3 ^1*2^1 SJIjjJI j IaL j3 «SjjjJI iokij ^LtiJIj 

C <J itf^ mlul L5 ijJI £^JI .jjl J JjjjJI J^lj jLLxJI dJU j b L a 

^ ^ ^ p p 

Gustav j-jLq L_iLlxo <4J LlxoL-uj IjJuj^ I <^> >1 go j lV\ vq 1 ^jjj ^ 



Society for Ethical iji^UJSlI SiUiJI 4_a_*_^. £ ji jjU l> cuJ jJblxi e> f^^j 

J^j-oj 4 j r> nijJl _/\X. ^x^jLc! j^k^j La l^-Ui^ ^LLoiIjI (jl^a Jj'uU^xu CultlUG 



^1 ,4_^lj Friedrich Adler ^Jjl ^jjjjji Jl LAjI ^Ij ,Vnl 



^jjjl (J^l^j iL^jLo^. dJfe^j^l^ (jA_JL!Lll (jjQ 4 1 la) 4_jL> Jju Lo_l3 ^j->l*v ou >) 



19 .4_oJ^lll oLu.Lu.ijII oLcLl^J (J liij ^Aoj ^jJI £ jlll dJj (^-o 



Cul^j tjiLiiu Lojlc LjLi^lj 4_uoj^Lq ^xlIj 4^1 4Ac lijjjua J-Ls 



pUaj-L^I jjj-i (jl^ Sj-o oljj .4-s nli-o 4^L_mj J_C LqjIj jj'nl jlixJI 4_l^.Ll^ 




20 

«« 



JJi ^ill 6jJljJ S>L^il iJUl oliU^)!l Ujj^ cJlJ^ aul^JI 43L^ CiiK 




:JxiJL JUI 4^Jlj c^^c j^laij Uo J&\ Ujj Jl^. LI^L ^LUiJI ^ 

'*****♦**♦« * •♦** 



P P 



^Vvjtj ^ <J J Ail dJj ^KJ J^LWI J^ l!L ^1 J ^Jj ... ^^ul JaK 

P p ^ p 

P P P ^ P 



jjixj jli J 111) J^Lui/ ^Ij^i ^ <jtuil 4JJUIj 5UJ jtl^j 6JIj (jl jj^j 

p p 

<4iLjj_LJ| fcj^j (jxjlill J£ (JxjLc .LlijJIj ^ 11 JljjJ Jxa lu Ljl» :Lj1I ^ I " lu jj 1 

^Lxj*. iftjjiJI iijliSlI j S Jj.W II SjrnAfrjJl (jJ I J ai n 1 fcLp. (j[ 

(j^-i jxJ ^Lu^ll (J^V (3j '4_J| La J v 3Uj 1 1 lu 3U O-jL^j t4 ^ null 4_uj_i^Lq J*^Loj 



** * -> P ^ 

((.Sjj-i ni L> \U^*\1 4_iil^ Cul^ ( jl s 3lxJI (J ..n \ ^ 1 1 dJ^i*. 4_ijj 

:4J o u$ j 'LLj^ j^l^l (_^jLo ojI^ iL^jjLij 4^L» ^plj uu J La^_^.I Lojicj 

Llu ^1 ^JjG c^Ij ,jjT Jl p^II j dW. jJ ojJI L iLar. I^i d jl^il)) 




p p 



t n t v-w» :5Jjli 4_iic oJjj tJjLajjJI JjLG liijli ^1 gj^l ^^^Jl ^-j^j , J (j ■» ft 



t((4-kl lAoH J J I LftLftJ ^^Ift plj nift dLsl JJ ^ ... S^^U i^J V L 1311 

***** 

uJjIjuJI (jAxj ^ 1" cJj-tui <*ig-ft (jilj)) :cJUi gljlL 4-liAll ^ojLH3 ^1 cJjL^- 



23 



((.Q \ vll J ^cl Lftjlc 



jrUJ ^ dJt . J j ^ axil jrJu^JI ^LlJI Jjjjl JLojl (jl)) :iMi 4_ik OJji cbLI 

■ T 1<^^11 lia i.Ki ^ ja^JI ^LAJI jAau <ui jju mi cxaj Lo j^LL^I J_c d^u^£ 



jlVv i Lajic jjJLjlu ^jIjJLxjj J j-U^ 4_1l^J IcJL^J O j^Jl ^CJjj ai i 



24 u 



((.5JUJI di^^ Jl jJ^j dtl UMj jilclj * Jl 




iSjr^SlI SS^LIiJI ^LSlI J^. bjL^J i-xijjl CxliLa j <iLp~o Sjj-un-J ^ j. 1. 

25 ((.CxiJI Jl ol L° 




O^lulfe O 1 ^ 1 U 1 ^ 1 ^ J^JL^Jl iinh J JoIjJIj J^jil ^j^iJI 



(J \q miIj (jujLaj (_^jl ^ I j ^ I ^ j^y^ clj tSL^JI >— a i^l 
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^Jju jju^ C^l^ Ujlc i^U ^jUJI f^KJI i^jj Jl 1^ ta^J C^K ^jLo 




J oJlij «<(dJj jSIc! ^ ^i£J) <utLk ^ ^LL^ Ijij ^ ijL^JI J dl^J 



Mileva Marie jSujjU 1 cijljn 



S 



jxJLc LjI^-q 4_j£jJI 4jljj!^I ^j^i^ \ i^f^- ^L^*- L>"J^ t4 * i^l^Lo 6 j^>j CjI j 



28 t jj^II 5Jjj ^lIj dljiT cajI^ 4j_j^2) SIjj-o ^ j <Novi Sad jLo Jjj ilja-o 

J_c Lfrxo (j J i^aj Cul^ j <Sj v ojII (jjjjl 4x. j n n 4x. <s \ CaAajJIj 

— jj^^ t 15 ' 'Jj^ 1 j^j^ 1 

ixo jjil (3-0 L^. jajj .l^J^i-s — Classical Gymnasium in Zagreb 5_oj 



p 



(>q oL^ll ^j^j c^l^j J 1 (3^> ^Jj^l J-u^Lo J (^iia. j-^ 5 



j5j t4_il J^JI 4 ^ i ^ ^> mi 1L ^ j JLo^JLi £*s OJJ f^J t J.JJ mil c-jlja^^llj (J-toJI (j^j-o 

((.4_AJuQj 4Plj-Q-iU t 4 ^ J 




29 r 



£Jl*jj 4l^.jjj 4"flj miC .j 4ALiijj (jj llA lsl f.L$JJ_ jJj^ Ca2^JI JJJ-^ ^'^"'" J 



L^JUl^l <> j-^Lol S^uAj jju 41^ ^jJI ,Vnl Jl ^Ul JjSlI L^Lk^j 



51 5 



I (p o*i j L^j^IL-q^ I l^jI jjy* 4'v^ 1 <^ a Ulc ^3 t j-° ol q j jo 1a \ (gj^jjj la J I 

p ^ p p p 




p 



P ^ 



^1 ^ ^jLl^Ul (jll S J? .rill ^Qlj (jl ^LjJ^ O jJajjl Jlj Ulj 




1 j^Lojlo 1 jLUol ca^JI 3 <i ^l^ (^jJI — Philipp Lenard j jllJ L a 1 U 




ij-olaJI oLuixojil <_£jJ iiol^ SjJju^j Jjlj SJ^jjLo 4-l£jJ*JI 4jjlVlll 





)) 



dJ 4_o_Lol ^jpliil '^5-*-° ^pJI o-^^ L5^' ^Uacl)) :L^jLUi>. J 

j^ii^Jt Lo^Llu j tLo Lq jl jj ^ die 4iij^. jil 



4_S_Lc ^J-uiJ £-i jJ jl^iA" up) i4j 4_Loj3 jj L^_j| cJL5 ^jIlLjLq ((jjlXaUjl L^-ii 




(jj dLi! <> Ul» :l$-JI <SjU Mill 4_>l£ j ^l^j <SjjjJ1 ojji \ A<\A 



v mi nil (J «4 1 \r>^> 11 4_a_> jiLll L^lij£» 6jl *J ml £ys {J\ ojj ^j-l 8tAj"Vfr]l 4 K oi 1 1 



^XU AJJ Oi j J •J^»^!l £J±-U1A AljAJ Mil Lxfl-lfl (J^ J-J-L^LiXLJ J t 4-1 1 1 4 U LU V 



LuaLk. pLj_j_3 < >Ll^ j\ 3U nil la I fl*v mi (Jl cJ-^ii t4*vfl mi p-LlLo 



4 'mill dLt (J La-^j c^aj >) : 1 (3 j ^ Sjry-o^ 4JLujj L^J Jjjj <L$_> 

<jl <dU_* I >fa pLuII Ija cijL^l (jl jj!)) rl^i uiLal Sjru^I ilUj LgJ d j3 

33 «.ajj j J 

^jl (j^.ftJ (_^3JI mm J (JjuQ Ijljj^ I r> V mij (jl (j-UcaAullo plJs J-u^!l ^jl^ 



JLoaJI j flj flj pL^-^c 6 y\ i^i"^ 4_u j^-^ SLLa (3 4HJLui Jj^j tSl^-ol 4_i„~>. ^ 




4_i_i J I (J^jlj j la jj Cul^ q 4 JlIIj^S ic iLoj 4 ^ u o 



J*^Li. 4_i jjj-i (ji^ liu^. ^aj^LxQ ^j-o ^j-illAljl 1— U^.j tl (j 1^ ^ Cu^ ^^-11 plj.o mJ 




35 



J-Lfl t^jxojjLa J[ 6 J ou mi n l ^Ij^jl ^jj />i l-SjAj ^j) J (j Mil l 



^jl^)) I^jjl^ mi*\ >1 L^-Jj_ > ■>*^ < S JJ3j .Ij^-Lxu-oj Li±ij LAjI 



«.dJ j jrVC J[ ^JpUil LlKI j tlio 6 j(j 11 In ml^.1 jij (_>oij (J 4j6-^ 11 i^ajI j-s 11 



<1 (j » r> Sjfl fill J-lx^lj <1 (j fl^Lclj <1 (] LSI ^jl ^JaJ oiLoj j i^j^-l 4t<t% 



L£ glj-ll olflXoj UJj^j jLsJI olj^jJL I L 1 a Cj & U£ lie j 
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Laji dJLlA Cul^ « . 6 I 6jl (j mi ^"i J i^aj Lojlr. Ij^^i ^j^Ltu ^» 

(JjSlI Sj-qU jll j oJjA C>lji Ladle » : (Jauj j La (Jl_ i^LL^. <J ou >1 uj£ < \ ^ 



S* P S* P # 



J I ^ajj^ 11 oLjI^j (J (( jry^ll)) 1U o jJ J^J nil . U mi J iijjJ^j I qjaSj 



IjrA aiflj La y\ mflJ ^ v laJ mj <jl J — ^_j1j (J — 4^^^. l_Lu^^ ^j^-Q-S l^i m j j j) i ^3 



37 ^ 



((.lljLjji 



L1JI ,11 6il£3i 






p p 



P P P 



((. 




Cul^ IjU (^>=>-t 6j_q (jjlj ouJ L^ji ^-^j' L pJI 6 j 1 1 dib i^jjjj (J (jLilL 1 alp. 

p ^ p 

<Utliberg ^j^jJjjI Jj^. J^Luj jj* ULa 4l*6\ m p^l JjI» :JLSi iSjj-olo La^ji^Lc 
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((.jjJjaI^J 

Laj£.Jj Ijj jii t4j6 ULcj 4_pj^=». Lc^jLI Q^ m^I <4_JIjJI jj(3 nil! (Jj 



((JjjL^J)) j bj£.Si Cul^j t«4 vfl mil bj\ i ir\\\ ^Lli)) LiAjIj (jJjj) Jj-Utu^jJ-i 

Lui Jj^j 6 i^>^ 5JLujjj (jIlijjLq 4^1 J_j t4^o mjJl j^-C du « Cxi I )) 4oK < 




Uti .SjrJL^ iLi dLSl ^1 ^klxul ^ ^ ±^ dj^lj <iL^I 
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S ^ ♦ ♦ ol / / tola mcl — ^ v^Lll 4j 




40 1 



VY 



(^IjJI (j^J ipLiAiJI J^L=* J I rVtVjLl Pj-iAJI oL^-^i ^O-ui) l^jl (j^jrliLJ ^jl^ ^jUJI 

d j^JJ Cul£ ^jSlI <j! — i^UJI 4n„nll ijjJ^ 4n^wn ^jJI — jSLoJI 



1 li 5 ^ o (Jj tl (j vie. <_£jj-ac sIajI (J j^s-Sll pjj^Jl j 4^ 



jjUJI (JxjIjU gJ J 3^ (Sj^H o' u' C)^J^' 



uJl au^l p^lo J\ C^-^i f^j ^Edward Morley Jjj^ j j'j J b Albert Michelson 



5 
p 



lu^l S ^ jU-jL <ua Wilhelm Wien c^i fJ^Li iL>LJ 



d^i ^1 J-c JjJj dLlA l> ojJ j 4 ((JLJI (J 4_pJlili 4 J dILlA bl La> cut j IjLi 6c5 _liJl 

42 .jj 6lilj 



vr 



j( ji\ ZjS* C£i 5i^LxJI Jj^ jjjj ftiil <> c >£LI ^llll d^Jl 

o^-jl (5 HI jj^j .pL^^JI J^j3 J-c L^jjij Sjlj^JI Jj-^jj J-c iflJUil 




43 



1 Jji3 ^pJI 4iljiJI jlij jojllJl o 1 4 ""^ f-^ cpJ' 



3 Ml D^fc ^^Q 



4.J jl (j mi J_C 4J J 1 Llil£ £ ,^ <GL».j J U mi jlxi J iJSSlI J-C g-jJ^ 4Jsl jrA-C 



4jJ jUlxo*jl 4^. jj OJ^l3 jU» :43_ i xj|jJ p^LqJ £y> j Jj^jj ^1 jJI (J 4lii ^Lflj luLj 
<«Jfl » U Sjl jl_ 43 J j 1 1 taj au IaajjIj pI ^1_ jllxoSlI j^j LqJ^c J <^6 11 J ^jj ol3 



ijj^JI Jl 4_^UJ1» Jjfe AjU^H 
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« . 4-jj \ 1 1 



3 4 \ /mLujI 



L^-l^.1 plj_to toljl -s *^ ^ 1 (JsJ t ^)-Q 4 lor. 



I ^pl^UI <jLuy<dl 031^1 <jl ^ lU 1 ^ fLc JI^L cJlta ^1 ^ 
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,4j roj-j j-ujJI JL^. (J 4 ii v .^11 (J t.Qv .^>11 dJj J 4 j> 5 j fl *t a 4_aL ,laJ 

4^J^. S Mill JjUll j£ oL^jl 1 V f M*j J i\ J^£> J^l^l ^^Ijh) I^jIUlJjLq (— 



l_L^ Sj-q Sjl * tu \ J-qjJI * v laJ Mil LT^" 4_^-j J_i ^jLu^cI oljjfe 




£j|jJI J infill 





^jSlI JL^ jji ^ 3j^2 <Melchtal JLLLkc J 4l£U ^ 4j6j,^H 





jlUall 4_k^Q J ^AjLtljL ^l^j Julia Koch Uj^. «4 y Jl 4^c» 




((S^l jJ^ d!3^ 

1 ^^jJI S^ILlo^LII \ lVvll JjL^-j 4 (( t _^=»- » • ta-au_j I Jj 




p p 



tSjLuj^Jl (3 1 "*lj CxISJj ^-u-ll ^J"-^- 1 fl aiflJJ O Q 1 1 )) 4-q 1 ^jl ^jlj uu J j_i 

Jj^Ijjj I hi La. 4_ULij J utj au (j) 4-jLfl_lll (J Cxcl laj nilj < « J LiJa^! n O j-^-lj 



? « ? 



« . 4 \ v Q 4Jaj^ (J J i aii *^LoL^. Co * 1^[^9 

ojijl jiJ» i^^iujjLL J Us j t4_i)L=>. 5Jaljj jli-J ^ 1 3 ai L I jjj pU*. dJj jlc 



aiA 11 4 1 u Sj \ a>)) (^-^J t4_al 4_fl_s oKj LLjLk. (jl lU^J 

.^L^aijil 



Sj-o ol j 41 j t J_> ^j^a ^j-tiijll 4_q1 OjLjI O flJJ 1 4_aj^ll ^jl ^jjlXaUjl 
^j^^q OjLjI 6j-o cjj <«i^.JJ J[ jLl^j d^Jj t^l*^ cdllo L^j|» 



VA 



** * »■ •*„**** 

Jjji Ij^a j3 <UjJIj (jl 5Jllll ^iSlI ^U^l jAxj J 



(3 ^j->ll ou >— U^i ^ < ^ \j 1a 11 ^Lv^Jl 4j^.^)J 4j^Li-o Lo^u^C t^j \^ 



4 .. r 



p ? pp 



dL^I ^ djjl Jaifl :l^Jl ,Uj^^ ^l^ «i^UJl Sj ^1L1 SLliJI,, 




p 

Jj ((.SLi^. ^Li^. jr\ u^J ^1 jLu^Lk-L tSl *A 1L> ^LLaJuto^!lj t J_a^t_> gl j QJ m i^l 1 j 

dL (jj) 1a ri i^>ll dllj IfcLj)) i Ij-u 6J_u 6J v </~>Q LgJ i (jl JjL^- 4^ 

5 «.43jLo^j jLlJI JjlLIu .dh-3 jii-i Labile .4_iCj jul mi \j 

tjji^^ui 4fl miU (j^iajj ^ jJI iijUSlI ^Ull j-c ^Jjjrt-il ujL nil! (3-o iljjuil 

(J» j (JmU ruf.l (J 4jJjLc «-q 4^jjlo pLvil L$J j .4-oLxJI LapIjj ^gjL-mj ^pJI 
SL^JL ^IXoXm^l <U>L-»J ^pJI Sjjt Mill c_ajjJiJI JjAiuj 4t_lUljj»JI (J IJ^lxo 

fcLv^. (jl ^alj *^!l \)) (4 miO*^) ^jIlLjjLo 4_u 4^1 ^jj I j mi *v jj j^J-jj 





(jl (jj^ C^^-I'j 4_jLa^. JjL^-l IjJj)) 46jLA^JI aJ^j Cuaj^ ^^jJI ^^jfe 4_i jJlj JlLa 



^jlJIj 6 dJi fi.\ldxJi <-^I^JI p<^ i ^U^JI J-C ^Jjc 4^J tt >JJj^j caJj-^ ((Jjfejl 

^jl (jjl*! aU J J-fl-S ^jjl^v aU J JI3 LI 





Ijj^jj-q ^llAljl ^jLq^aj^ l^-ij <«6jj^AJI jlc ^jl (J^-Q (J^l (jl ^ \ laj Mil 
j£i <4jjlijJ| 43Jaja. (\-o pLajlT^I Jju I v mi ujj Jl 6 jJ j ^_>1 ^ U <^L> dcj 4il 




A- 



^Ul (jxjjxll ^LjxJl (J S^jLoiaU Own 11 ^jj UUaj| J[ J^jl lJj-uj)) : (jj 1 mi 1j 1 



p p 



5JU iojl JU SjJuj jlflj ^l^j JjL iLl jli 4lljlx £c IIxaj ^ 

P p ^ ^ 

ilLtuLO)) >— aJaj ^Jj 4«4_JL1I <iijL^-o ojj-u ^jl jjij LDL^. LoLoj < aJja^o 
6Jjj^3 C 3^J j Sj^ ^GjLj pl_^jj_ (J oj iLijJ^j U Mill Jx « jJ j j 

LkjlLo Ijj j^j <4j 1,^11 JjlMI j>a <Gl L5 I^ SjAj 6jJIj jJL 




7 t- (*'(#' C 



(jjj-jj tjA *i a I j £j\ ols rill 4_SlK Li-^J^- JL^- 5jI J-C- (jL^ J-fl-S 46jJlj 



p p ^ p ^ 

pi j\ Mill J*^Lk. j^lx-i j-uj j .LqjJ^X Lmdl^ n (jxt-d tSg-1 fl^ 11 t j- Q 5_JLc i^-j J 

^ A 1 q 'N I \/j 11 olj pLj^ 11 (jxiLixJ 4J1 j g-Liaj i^>11 4_o_sjx CjL^^LjJI 

(J LLL^j (jo^j jl 5_ujjjxJI JU^q (J SjxJa jjlj l^j mi gtljj jKiSlI 6 JX) ^ LjI 



.j^l IjJLq LLL^-j J) o ^ 1 mi (jl^ 



j^jJI l-ixL^II ^1: ftj J ojJI SL^ j 4_^Ajil SjjjjJI pU^SII oh c> 

4ji_qL^JL ^yLijSa 4 fl v lAj L>^ ^1 JjJLi 4 fl vkj Jx. Jj i^>^ 11 (J I ^ ^. 



.Ludwig Uhland ^ jl 



p p 



CjIx-Luj jLcu » L^jLi I (j 'QJJ t^j-ucslj 4^ j-ul) (J 4 fl v lAj J-C Jj ts>~\ 11 (j 4jj£.Ltul 



** *% ******* 

4_u^j jLLuj^H x-c 4 fl \ tag J-c ^ I j fl <4lLjfl \f~ <j£. ij \ /7i Li^j-xj aJ Lofl-i^J 




Loji^i .Adolf Hurwitz j.r^ cJJjjl olj.^L^Jl jllxul ^jum j^Li j 




t jin \ hj^^} lj£.LttLO go i^>Luj ^AjI ^Ijlj I^jxlLjLq J| J v * mJl jA^kJI Ijjfe 



^yfej '(J^-S jjjfe ol j^L^^ p >wXj ^ J 4^1 4_t_2>. Pj-mJj ((.^1 pL^j 



«.4j| iitSUI 



uij^gjifl Lo^-o^)) 44_uLj pi il (J^^-jJ j1u_i^)Lq Jji 






AY 



^aLJJ a tail Cs L5 Ij| ^O's gt^-jJ ^-S < ii-to I j jJ I olj '^LjjJl 



11 «.iljLj 4 6jk j J_c 4J j kjliuj — 4jlc Jj .^^11 < T \ 1 la j 



Jaifl 4^ Jjlj Jlij < JjJJ ^ Lo 4 ,nfln UjIj ^Ij £ nl 

P P P P 

J.^-wLo (J dl nil ^ ^ J \< 1 t SXJ (_>ulii J ujS J aJ» I^l U-s 11 4_ILuj| ^ 

*% « ** 



Jfl * 1L 4-o_tu5 (J jJI gtjjiJI i^l 4^| Jj t4 A-dajJl Jaj ^Jj « . 4 6jk jj 1 J_c 




^!)) i^rK j (j mil dLlj ^ > mla 11 4jJJa (ailij Ij^j I fl ai (J 1 r> \Q o 4_cLI ^JaJtx 




k. LljjJ ^ Ucl Ljl» : 4j fl v lAj 1— n^j t4HjL J £jc JIJ_uJI ijLk. (J (( Jj^. j_i 



tjj-^Lk j\Uo^ 4ijiGuQ ^Ltj 4_pLaj ^lijiJI dJj JI^J^ .Wj 

fl p p 

^ 4 4J JUl ^-aC.J <UjUI 

i S^j-^-C jl ^-q^ j-^-Lj J-qLc 6 O uuJI .4 fl \ ^ 4_i^ji Jlj3 ^ ^^^J 

iiLua^Li — lj \i mi 4-Lxa. Loj 13 «.lij|j Ll£ Lq^ L^j pIjjlxo JJ^j Lijl jiicl ^^Ajl 




4_ij_si_AJl 4j ,^UJI l^jljll JUlUI jJaJti ^JjJLq ^ j-u± fjC Cj\^h\ 6Jj5> JjI 



&£il oljUlj) oL^j^JI J jJJlill ^xu^JI oljloJI ^ J-c 4JUd J^jti 




14 2 

((. 



jj^jJI 6j-&Lt j^jjiu La <<— > 31 ^33 ol!u3?JI 6 j^i < o I j LjlJ I (J (j^j-^j (JjI^uJI 



.La^lu 4_L^liJI iiLuxil j-Q ilxu^x. 



15 «.Annalen 3U o J| g^lllJI J^o ^ ^Jj^J 3^ nUll 

Jl N^- • J^l ^K/^uuJ (J d^? JLojl Jl ^1 4^ ^Ij 

jjjI — Annalen der Physik 






iCjLo-u-u-^JI C>u ljjI all! (_^jiJ iUj_ujjJI S j*\ all £>-o Cxfllbjl jiJ» :4_si pL*. j <Sj££<o 

M ~ ^ 

4jL$_j t((4_ik. (JxjLLi Jllo£ 4_ijjUJI CxoJaI mlj t \ \ uj^>j gtjlllll Oj^lllj 



16 




^-ulu UU-^- 4_^i5llo jlc ((^j-^)) (jxjlijLo J! 4-il U^w (J ^jjl'v aU >1 ^Jjkltol 



la. 



s ** * ****** 

Annalen 3U a J LLji ^ili ^1 JaIa tl ^ pLj^I j H^j o >JI . t m< » :cuj$j 



j 4^J il^jLc li^j (jxJ ll$i S jji^i Lit js£ jjjj.^n ^ ider Physik 



18 



J-oX SIILslo 



i 



4^1 ^A dLlj jLluj] iA^I^ J-u.u 4_lS i^xC^jj ^ '^J W T* UJ ^- UJ Llkl^-o ^OjuOJ 



AO 



1*\ aU >l 



1 QlAj^ J-a-»_> t4_s_LoC c-tl v nil LAjI dll& CuL^j 19 «.L^li-i Cj ui C (JJ=>-\ ^ j^t.u.1 



1 U 1 ^j^Llo Ijitojlj 4*iol^ LI^AJ ml ^ j^-i j (J pi Ul nil! 4Hj Mil 



Labile <43l_i^. Jl^Ja 4 v uUA 11 6J^_i I k flJ n ^ " ^uaj^-to llUI^Q 



jjjJI SjLj ^Ljlj 4^ (jAij j <dJj 4lo olU La jlc iijixaxJI 4-o,.W 11 



.Jac ^jj Jljj ^ ^l^ 

^jl^ ^j*^Lxo (J| 6plfcJj Mil (jj — LiLlaxo 1 o i^>1 jrlil (jl^j — ( jlLLijLo Cj jrlil 

4 a ^a^. LqLgj Lq» :L^jLfl_s j_l<o q Tv^j t L^J 4_>j_llj 4_l^1^ 

_/ita t ( dll jjl j,^,.f7.JI SLiu^i aJaj mi ^ (jl^ j ^j.'* mi SLiji j i 4 l^i mi ftp t4^Lj_ujl SLiji j 





21 








n\\\\ £j\ \ nfl o I^jlqL^. L&pIjj ^g-r,n,U jl ^-O <*1^ J^„m.U Cj^J-l^I j^JI 



g p p 



Wilhelm JUlxoj! fi^iii ^llAiJ <Jj& ^111 ^LkxJI pU1*JI ^ ^ 
Jj^ S\jL^ J1\wm /rjJI Leipzig xiuiLj'i 4_*_*L^ j *1 uu£Jl jLlJ Ostwald 



^Ll^j Ja» :4JLo Labile J-ujjj J| pIjJ^^II Jj^." ^ <«4iiijll SJlJLLI 4_>Lj^ ^'^o 11 



24 - » 



.L^jI tjj 4 (d^. t^^j J-^ 



^jJI ^LUI i_>l U-s ll jjlj jj J Ujlai iijliiJ iLiij iLijJ^j 4j j^Lxlq JjL^j 



dLlj jjuQ (Ji^J t ^ ^ (5^** I t_Li-L«aJI ^jL^JuQ^I t^j^jJ ^j-^flJI 



4^1 In uii 1 n n i ^nfljj tLlIU*. J^£. 4ij^J ixJL 4_ujLxaj j^Joj dJjJ 



AV 



(_£jJ1 (j-o-^ mil Q v >j .JL^JI j 1^ / n^ILa (JxjLjI tl J \\c. 4_j| 



p p p p- 

(jLi < J j * a 4 Oj k j 4^1qj ^1 dLlj Jl_ 4iLi^!L p i ^ ml 4 J^jJIj 



p p 

l_S ^xu — iijjJaJI j^jLjJl olijli-Q ^>-Q Sula-lj (J — 4j| jrtC tjJl flj lu jl Jjj |J j 



pLjjiJI jLlxul — ^ \ 1 1 j-jjjj jfl t o (J Jjjill I aula a (jJ 1 J mi \s 1 



Jjt-> j .4^C 4 n 1 hi qLqjU r> i Jj-i jJjj Lq_l3 ^1 ^jl^ <4J ^dcLtoa l^j^_d ^IXaUjl 

tj \f\ j*. Eduard Reicke L5 ^J j JjIjJ jLUi&I ^ 4 Q j Ki y^K* 4^ji3 

J-c ^ J^^liJl ^L^l jU» :L1jL ^iOjjU ^IiAIj! J Li Got ting en 

^ p p p _ 

^IiAIjI L^-xLIj ^S^iUo i^lj^ (jlj Jl (jL 41a ugu j 

jij 4( J^c l^iLk (jxuJ 4U flj Lo (jl uijju ^1 JiSlI (J-C ^ i> v 1j » :Jlij tdJj Jjii 4iL 

4jLu^lj t(( J^J Loll ^jfe JA-LS ^jlj LoLoJ ^ iJ C\ LjU 4(J ^ijlj ^)AijJ (JAlLAjil jJ)) 

J^j ^| O-lxJI (> 4^1 ^ — c^jJI dJj J J^l Jx — <d i^jj 

^ p p tfS 

iL^U Sjrli J-lxi ^LoC ^jl J^-O-i (jl^)) :*^LjL5 ^LclxO J[ l£Lai J ((. 




AA 



4 fl Ullll JjjJI <J ^^Aj <4_laLxlII &l jLxxi ^jAsj t\\£t\ Sj^^^-o j^X. 4 fl \ IAj J-C Jj II 



jJtsj t\ LajJ m LsLxJ 4J (jl Cut)) :1 fl Lfrfl^ljJ ^^iJI qLjj) * <^>1 



27 



Li^J^I (J Q 1 13 4_Ls_UJ^Lq 4 fl \ 1^ ^yd QJ J i (j->l" UU J JjuQ Gj^J JUKI 

LljJl Lq J \ C.j <ol mi Q mj (jjlj ou >l j^-> (jl^j tLJl la J (J j_qS|I jiJ Ojfl" ml j 



4j_u O-qj jJaj <4_ujjjjjk 4^j-Cu J J- -*- 1 'l5^~^ J * 11 (j-Q ^ cl) 

JJt-> (j->Lj ou >1 (J^J jiLi) Lo-g_ulx2*. (j^a ^j-^-i Lo Cxalj 4JLuj isljo^ (j_>Lj_Au_>l £yu j 




id I j l^-o^!l j jl (3 (j-»LlAljlj j) mi \ \ dl jr\ llU mi olj'v Mill j^a J-Q_i j 



(jj^Lcj 4. t . u . u j (2^UI <j-o J^-lj (J (jjlliuiil 

j^.1 ^jl&jjt-* *i j tdllo J| oij^l (j-^ ^JL^ (JauJ» :Lq^j^Ljj1j^ (j-Q ^lll 

^ ((.^ILqLxj LqJ!Lo J^qj ^^IIqLjlj ^ j t^jijju Lo 



4^ Li Ml \ S ■ fl ,jrs * ^jjl*V MIV J 4 ^ O Li-L^ Li^)J 1 ^_^JJ^ J-Q J^Q 4_LS J^UU ill t> jJ_to^| 



4lo£. aI lalil 6jlilil ^ a£jJI Jx-j <ifl JijLj ^3 qjj 



^jl^ II jaJIj 4j=h.jJ_i ^jjfejJI Cn mi tLojIj ^jl^ Lo^ LLj^aj Li^j jmiu Js. j 

jO Mill jMin JJ^J tpLj^ II 4 U-s q J fl flj i (jl J^X. J^_q 4-1q i_i 1 U 4_uj_xjj 



Jj <4UJI Ah j 43 li jLklll (j^J ,6jxj_q j Jj-^^JI (JL* 4_LL j^jil Jji 



j».jJI (j (jl 4_jL^UI J ^Ualmlj , JLlJl j^jJI (J dLlA J| Jj-u^^Jl (j-Q tj^Ij 



, T n< 1 1 Jl SJLo jj Cxxj IjJ ( «4ljtij (jl 4_ik L ^iu 4^1 djjl jl ^ji 4jil» .cJLUI 




1*\ aU >l 



p P P 




» 



^UJI jry^l o^l^ ^jlHj ,^o!c £uJo> J 



jmn I (j * v M1 4 v v mill 4_ijJ^j (J ol ^-^> ^-Jjl Jaj jlii^ll gr <Ajj 



29 r 




^ J-u^JI ^Uuujjj^ Jj_ujjU Jj J-C 4 Ojk jJI IjruLlj 



iLJij CajI^ L^jI jrJ-C .oL^ALjJI CjI j^i^ oJ^J 4^_ujIjJ J-^jj ^JJ^J (| 



<^j^j (3 (_^^u-i^-<xJ I ^ljrLk.*^!l cjIpI^j «— o (3 (j^^Lfl^ J-axil 4_u^^i dlLl^ (j^^ (jl 



p 2 



p p 



ixojJ»aj 4jij-Q 4 Ojk j (J JaxJI Jji I jJ A J.^^J (jl 4J jji lj| Mil 



4_tojl^JI (jxujjj j| j U irA \ mi 4^1 I^_uj^I j <4_LijJa CjLcLujJI ^AjOJ ^j-uj .4->j^ lujlII 




a^L*_^ j5 ^ U^tl cx^Jlj ij^l oliMAJI c^K «.a$JI ^ Jlj 



j ^xuLqjj pLSJj I *" <Tv i ^jl L^JLuaj I (j v If. ^jrGalj tg^jl <^cl i_i v m \ 



31 



((.J^I 



SLpJI (J <Uc jJI Jj nj,.^^ ^ _>ll (3 4-^ J ^Jflflj jJ)) 4Js| 4Ac cJL5 jLo jjj (J 



O )) Ojr\X. (JLlJI a ^aJI (Jj ((.i^jlLcl ^1 J p^a) Jx. J i^>^.l 

***** « 



^ t 4nflh v Lki. uxau if^ljll J l^lj Sjry^I iJLuj ^^IL 4jJI 



jljJ^JI Jx. 6 Jj mi 1 1 I (j\vMjj3l^j Iv^r.lj idlllA jL^llI Ij.A^j t((Sji_i (j^J c_Jl j 

pL^ajJI ^.IjaJI ^ Sj^.Ij ^1 flj Mil t jl j_ujSIL iLLJJ i^jiJI L^jl_p.l j t^^UjiJI 



S^aiLI S^All £jj Villa Carlotta bjJjK ^3 SjLjJ LiS^j 



p- p- 



«C*ijJI JljJ^ (( I j Jjl^o dLjliij jS>Ljj 'Sji^Jil (J jrli-^ m% £jJ Jx. ij>»JI 



33 





<jl Sjrii^l Sjil vilb J cdla jxa^ ^? mlul 



au \ \ £j ^yCi q U> ^jIlIj^Lq I fl vivo CaIo^ 



p- p- 



Ijj 4Jsl — j^LU^II J_c lljji. (JjjlJ Lq_sj jl — i^jJlIIj ,3 (Jl_ 4_ii j Li I (jiujjLo 



^li^ j5j ( 4j ? monll Jji isL^I iku,!^ jjSlill JjlAI jJjj ^ JjllJJ ^Ij Cx^ 



(2>Afl dLI J ^ .^J ^-l^ ^ II ^>J^1I I J-A O j^-^ ^IlJI p j)-tAll qLo^ £-us^l J^jLliJ 



oLjjjrl^J^!! fO-^" (1)^ '"'^ > (J| JT^-LUJ (jL^ tLj_l J^i. Q 1 <S ^jJI 4j V V V ^- £jQ ((4 ^ Q vllj 





** * ***** 



S= ^ ft ft 

** ** ** 

(jl (J-qIj Cul^j iipLjJI Sj-aJJ ^jAjJI ^jl -s" nl Jjj^-jJ l>iu,u ^^IlLsjLq O-jl^ 

cAoaj JO fl tf-Lij vfl 11 (J ilLc J i b\jj-&J±}\ 4-^.jJ J_c J < ^ a J ^ j-a 



lull 



Cul^J J^JI lj_& J| Jj-uajJI J^.1 £j-0 Cj\ m 4 IjU L uiiu>j 111 La Lu£. UbljJI jj 



CxsLj Ijl I lo^. £yA (jaIaJJ (jl 




j ^pJl ^iLixJl ^ c^Kj iL Uuill pjkrJ !>J> lj£ ^ 

. lj I la II J-lc JjjJLj I (j I mjj j (jj^l^A^II 

^ ft ft ft s# 

IjJtXuijQ (j^-i jxJ 4^1 tj^jl^v au s\ Jo U i k flJ -s J ^jl dLlj ^j- ' 6 ^ ' 

j^auj gljjJI jLUI gjL^ o^J 'U 1 ^ 4 J 1 ^ 



JjJI^il 4 \ au Cul^j ^^IjlJ CjJ^ cJ^^J Cj' ^11 ol^l oLijA-Llj pLjl ajuaill 

.JT\_^ jjLi-i 4_S_UAJ Jil ujlA <^l ^5 J J (j J 1 1 J 4 (2^_X£.^viJI jrA-C J-JI jil 

^ejLa.jrot^i ^jLi t4 7 i^tl^Lo cul^ Lq^-q ij^flJI Jx. 4 fl v o^-il t_i s 3-to)) :L^J JL^j 




4_JLxJI dLxolj Jj^.1 (j-l JJJ 1^)) t4 fl v lAj (J jfl*v aj ^ ^jl Jj^-o_i 




p p p p 
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(( . A /? J C -\ Qj ' ' ' 




iSjljLxoJLi OjJLxo 1 (| V\ 1 t J <^ 11 u wm (jLljiJI 4^»jjJa £>jj_jj (J (jIlijjLq Cul^ 
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((.L^J^ 1 nQ^jZ.M j ^ JJJ c_S^ui iLa^-oLot (_^ljJlj L^lj-» LoJ^Cj 



ijl^j (J l(j »^ auj U>j£.Lu_d Ifl ».a dlJjJj tc-J^II JLj_2>. (J 4" OjO aij 4_a1 



J fl-L&^j ^ ojLuJI L^Luiij L^jjJIj cjj^=*-\j tLiijji-aj Lijj^ (J LajL ojlj j5j tillx. 




39 ^ * 




<4 t^l oJj ^J^C (J\-qjLL1I £j£ cl)^ ^ J^l^ oU J Jjl C)l jLaiXI j ^ lajtj 



ULiUJI 




Idxo 4j| lA^aj uJj-ujj <«4<Mfl^ 11 plj£-l jJI 4 Mill ^^ocSlI ^jjA^JI (j^)) liluJI 

Lq Lq^_s 4j| 4HJLu jLxxo J_c ^jTi a 13 (jl iin ol o K L^-jl^ 4 ^ I jrLa.*^! Li 

.1 I JJ Ml J J 



(2>-o a v i^LiLQ g-°^-l — (_>" — 4_i^S 4j£. 



J-C £JJ>II ^il^ (J ^ f. Ujlc ^ Lo-m j jja. 4fljJ .^1 j tpLjjiJI 4 flh^ o 

4j[» lCj\jlk]] jlojjjjj 4j^H3 4-jj"» mil 4j_u2>UJ1 jc 4l^j ££j JajjJI 4JjU^> 

Jj^ll 4_Lfe^JJ jJjj (_^J1 j^l^iaJl (j- 4x.j^>^ Q jL^jl Pj-LI i uu^ \ (jl £-^lj jj?-*-'"- 1 
illxuj 4_iic O-oU (_£j-ll IjjII Lfc/\-C (j-o J^l (j^-^ fa 4-LoaJI 6 < ((LqLoj 4 1 i ^ *\ q 



l ^pJl Sjrji^l JUJJ C^jLa-o ^ JjSlI 4j^o jlo 4j-oLl!I ^llAljl 



^pJI 4 1 ^_J1 fcjj 4jjfl kl ^jJI (_^jiJI jnfll\ fcjJujI 
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uu >1 ^ rJ duL^ SjJj^jjJI ^-ukLi-LI (j-^J 

i^Ja ^Ij <4j£j^JI 4^U1 ^ oii^l ^1 j^liil — pLj^iJl pUk 




SJ^JI JUjjI Ji^ j^ljJi KjiKjtl ^jLa 3jiU\i j&c 2-aillll J 

JJ£. ^j- ^ r J 7" Jl5J*t J n mi (Jx. CjljLiJI j I nf.l Ijjfe jo t^j j .CjljLiJI dl^J_tu^ 



^-o Lflj^JU Ljl_L^-l ^jl fa^jj j 4-uIj.m.i.c. 4^j^- dlj JJ ^jJI j — ^>j^I Sj^-Ij Sjj 




d^L„ j^u iiSLuaa^l l^l^il fJc JjJ^ (J i^^JI ij^UI oatL 

4 * \ \ U i J l^j Mill j-Q J^j <4_uLl^=J oLjLmi^. 4 U ml^j £j\ aixuA II j-o JJ-C- 

^Lu^^l djLJl 4i jjlo o 1 ^ 1 J ajL^j J£j p^3^ ^jjj JUJI 

cJijjJi Jla J oIjj^JI oljUio dLL^o <> J-ojl11 jn^ll i^JL^ ijjJ^j 




J-C LAjI Jj < 1^.03 oljliJI d j^1„m.i J_c (jxuJ tA lALflXl 6Jj5> j j fljJaJ pLoixJI ji».l 
Jj-uojj J-C SjJjUIj I \h Lqj tJ^ljA II j Jj 1 j, / J I (j, OJaj ^^Jl j^IjIaH 

jjlj mj A pjft^ll 3jj»^H Paul Ehrenf est cw.na'i jjI J^j jju Ujij .pL^UI 

oljUU 4j^^JI IjjlftjJI ^JLol JjJall 4_^ >ll pVwn jU» : JUII liA J j^lj 



i^lj^JI 4^JI J-Cj .oljiiJI J 4^ 
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3 dJj 




6ej C^jjhf Jj^J -Paul Drude jjjj JjJ oljL-iU ipj^_J)!l ij^J^U 




(5 



all 



Ul 



Jiirgen Renn 



aU |l ^LqIaI £jV» aU 1 1 4_toljJ (J 

jjj ^ ,J ^LcjlJj-J oljUJJ i^^JI i^killj jjjj 4^j^J)ll ijJ^JL 




AiLQ 



(J^*- 1 (J^ (£jfi ^ ^ L^-jl ^j-Q f^J-ll J-C- '^j^^l L<K OpL^- 4_UJjrKJ^!l 4->jlA\ll 



«.4^l U-^-l Jl^ 4^j^! 4 u r\ \ mi 6jj ^ OjjjJ i—.m'n Luj 



4 v fl laj o IjjJj \ ^jl ^ JaJ mi \ ^jl » :ijLo_to (J ^jIlLsjLL JL^j U-^. 6jaHcI Lq 



jL^Ji| ^1 (jjl 'v mi n l Lajj ((.ULo3 4 ^ ir> \j l^i ^Liilj^Lcl I4J L >A^-J-i 



4_>l U^. ^yui jjLi t4 fl ^lAj J-C Jj i/^-s 11 



/ 1 1 
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P P P 



s* p p p 



fc^Gcl (_£ j-ll (j^i->> mil ^J£> j tl >1 j b \ v fl Q ntjj J | 4_LLj^J (j£. ^j-iLLaujI c->j£-l 

p p ^ ^ p p 

.^IjJI I1& 4^jLiu LkiJI (jr. Lijlo 4J ^L-aj (jL jj jU» :4ji Jlij <4ojS^ 11 *l j£.l 

(_£j-ll ((LUjkJI (j£. 6jlll)) JxajJI Ijjfc 4_s^j5s (jj I J mi J \ j 6jj ai \ 1 1 (J^jIj^JI JJj^j 
jjLl)) ijjjjl/ oj 1 mi (3 (jLa_tujj^J u"^ J t^jLojjJ^j oLilj^ (J ^jjlj au J dll 




ikJiJI ^Ldl <oljLUJ i£^JI ijjJ^JI ^ ^LjjJjj JUcI j US jtlm. 

p p ^ ^ p ^ 

p 

♦% P ^ 



L^jj^)II (i cpLL^ u' a^il 6-^ J-^j 'lPj^ u 11 ^^ a 




13 aU >l 



^K^U Sj^nUll 5JjU jU ,ULcG L^l <iui> 





pLl^^J Jj^-q Jj 1 a lUn ^ii^i ^aJ 6ia ^ ^jliJI j^jliLlI JjjjiIj ^jLojlJ^j jj 



48 r 



^jiJt o^J 4_ij^^ 4ljjli (j^i^ Annalen der Physik 3U o Jl_ iL^j *y J^u J\ 





50 «.6 jJljJI 6dA J^o» ^l^j 4 «6 jl j^JJ ioLaJI ^jlajJJ 

p p p 

jL JJLJ Loji (J^tj "IV |1 C-fljrlclj t4 fl vlAj J.X. 6ljJJ^jJI 4_=i-j J J_C JJLJ Jj i ^ 1 1 



p p p 



(j-o 4x.j) o jLaJjl P^jll > ^ oi3$ ^ jl 4-^Jj J-q jx. 4 j nil! dLb (j_Q Cx&$ (3 

4JL0 jU jaj jjj ^ jjjj LlqUj Alfred Kleiner jj^UI jLL^SU at jj^j 




51 «.dJj j^L jJ^lJI jru^i J^jJI 11a <> Jjjb! jJj tLr lJLuj Ai J Jx. Jj^j jJ 4^l» 

JUcI J! 4JLoj J^U ^ ^ 4ix^ la S^JI jtLuftl iJ J> jL jjll&iJ 



«.JjjJ J i Mill 4-ljfl i mi La j laj \ \ 

<JJ Jl J^ajJI J^O, 6 K liu^ ^ iLUi ^tLS^t ^2 

p p p p 

J^l .4 \ v mill 4_ijJ^j 4_iL^-lll (J 4j^jLlj j(j LaJ l_3 1 fl iAmm^ t LAj^J^-> jjlj uu J 

^ ji^ ^1 4_*jUJI Sjil (J 4X£j£ J <uk jLolx^l ^jUw.m 4^1 jjlX£»i& 

i4Alal Cjj^ (^Hl pLiaJL (jxuJ 4j£» Ijjllxuijl jl$j 4 (JJJlJ j JjJ Li 4 fl v ta^J L^-ii 

52 ((.^ m dJj Jl 5iL^)!L 



<4_LolaJI 4 mi Mtjll J_c (jjU mi\ >) ^j)-^ ^ \ 11 j (J_c 1 J ^ 1 mi j^_s ^Jj tj-o^!l 

^ P P p P 



9- P 



gcjijjj 4i^jJ Slcl j*)) (jl^ ^uM^ dluLO Jx OxUl jl jjllAljl 4^j3 4IjI g-jj 
j flJ fl ^ jl^ j-sLLAu_sl «.4jIjLu| 4 I ml mi 6 J m 1 jjlj uu 1 1 JtAjjl (_^jJI jLojjJ^j 



53 r ^ 



(3 4J 4 fl v lAj jl (J^L^-LI j-o 4_j| jj I j m *\ j^J d5 jLoxojj^. Jj_ujjLq jl^ 



luLaa. Jjlj 111 <Jjlj CiiisJ ji 5-uca^flJI 6lA j^J <^lj?La^l oIpI^>J l-^-Q 



LoJjtCj tSulcLm-a J| 4j^.L^. (3 (J^^ -1 *^ 4_jl_i ■ flJaJu jLo-to j)^>^- j->l^ oU il ^>^3 jfl oil 



t4_» j-uj-i ^-to 4_i ^jLj 4_tojJv<a (3 (J^jl^ 4 fl vk^j jLi Jui jLoxu^Ai jl 4 \-s 1^1 ll ^ l^i 



^jjalJI o Mtf.lij ^j^i (^tiij ^.jJI ^ L5 IL= fc J^ii dJj ^ \ Y\ 1 



54 «. 



jii Jacob Nuesch Jiji ^j^L ixu jail ^ oS^Jl dlj J Sqq^H ^ 



iSLjji N ♦ (jjtLouj^l LaIij 'Ljj'^ mi dljji £ ♦ ♦ • J6 Ull 6 jus) (^-o 0*n 

.pi jJI j ^-u.JI j^ijj (Jj_ 4iLi^L> Mill (J I^li 



SjLjJL o"\ mi cxjl» :SjLj pUJL 4JLuj 41q q o b ^1 jju 5Ljjj1o 4J 



^jjH dj^-jl ... !li=>.lj iHui j Mill 4jL^ (J J J t^ljiJaJlj (j^-mil 



•JfULj ^1 4J L^JI Jl> 



56 



_J^-Lu^ j-q 4 (j ^-l^-Q (J 4 t J 4 Ul Mill (jjlj uu >1 4-Lxul lo^. C>jl Lo ^jLc 



^ • * 



i 




S* P 

. 1 *\ ^ q (jxj^j £^Ij3j iSj-iJ^. C>Lu3jj Q-s 4-1^1 k \ au >1 6 J JjJb 




«.LjJI (J (jxjjLJI ^^Lq Lg3[ !ia.li^JI LpJLli)) L$J JLi 

4J \1\ U^. '(JJJ^ Jjlci (J Sjr\-^!l 4l^.j JjLHJ (jJU*. iiiiill dLt (J 

(jxujjU J[ 1 a i $3xo ^llAlil t-x^j 

Li.ji *JLij 4(((JjAi^!l 4_Lfej-o 6 j j < *o \ i_u^>2 Lac juj m» ^^jL^. ^jl 




ial flla^l 4_ij CajI^j tdlLlA L^lita g. call jLo Jjj (J L^j^jI JjIq Jl_ OjLc ji 

c e p f- f 
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j J 11 — 43^*^Lc ^Liu 4_q1 jL^-a 1^-ijjl ^1 4H j^jj! ^1 (j 4_u 4_il 

^ 

(J p (j *\ ^ jjLttu jxJ ij mi 1 1 4 jjl (j jlTv |i S ^jjI ^Ij^I (j^-*- 1 dJj-i Cjj^-Ij 

p p p. ^ p 

<j b J \ S Sj v Mill ^-Q 4-o^cjil 4_s jU-s H SJLmiftj ^jI" ou >1 ^1 Cj c\ 1 C . .^vl fl U dlLlA ^jl 



/ p UoUJ 1 



58 



(jjl*V OU >l ^1 (j^S L^J J t^> Jl^ (jIU-JjLo Q*\ Ml J tl (J -0 I U^jl ULfl^A (JAlL»jLq 

L^j-sl SLj^j ^Lia. ^j^JUJ (jl L^jLl^. l_3 O U -s. 6J \ mil £> (jl jJjj» :cJLS-s 



!^%iJlj S j miS 11 Llljl dILlA (jl j j) ts*T\\ (j^l |J .1 (pel laj Mil jjij LAjI 



59 «.— 




Friedrich Haller jJU ^jjjjji ^jll <j! jj^jj «\ ^ * N JjSII (j^£ / j^^.nj 

(jl (_^JJJ^All (j-O (j^-» t4 fl vIA^JI J_C (jjlj UU >l J.^^J '—'J^" 1 pi fl i^ljll ^j-^j 



v_j_JjJj J-C *J_l^L^. (jj^-i (jl '-^ I <6lj^J^jJI i^-jJ Jr. "^Lu^Li. Adfllll (jj^-i 

I JUj ,L^jI pLjifiJL SJ jj 4_jjJ (jjl3 (jlj 

((.(J-a.1 (j-Q pi fl i^ljll jJLa 

4_i J i^l j 4(^ujLuj^!I 4jLi *L*.jLl^j Lj>4j L> Ua^ (jj 1 3 mi j ^)JLa uj^ 



(jSlI j 1 1 *n r. L*Lq Cj ^jj 1 di (jSlI tLljj^ (^jIjj iSj-xjuxoJI ^L^. j j Lac s t<~Ts 

(jl gaJalxuLm Lljj^ ... eka.1 js£ J-Al^ (jc Jjilll Pc-jaJI IjA ^Ij^l d jjl Jaifl 

60 «.^jj L^l <K ^JLxlJ ^ cru lPj^ ^ 

cSjUI pIjj (jli^ij ca^jj Jl gljjJl 11a L^jp^ 6jjG I^Ll^ <al Jr. 



Ijjfe (j^-» u flj mi 4dLlj Jj-q ^gj\juO^> (jl ^jjL^.)) I(jIlLjjLL JLij .4_ijLll 5-^.ljJI 

lj£l dldr j^jJI tSjrjJLuaJI ^"v 1 Uj ^Jij^Luj UjJ J-bj (jl dljlc. tl aLJai 

6 J-uJj (jjlj au >l dljJ 4^ljl^^!l oIpI^J u"^ o 4fl ^lAj J-C Jj l^a 11 IjljJU ml j 
^Juto jjJ^J (j^xJI Jj 4J J-o_i JlA Lai (_£ <(jLa^jjjj^J I iJ r> r> Jj*^!l J| (jjlj au \\ 



61 



^jl ^jIlLijLq ^ U*v / 1 n ^aJj t Jj-\ uuJ ^xxul 1 vie. I lUlj tjLto J L$_>^_jI Cxu J 

.^1 ,7, nl J I j^JI UJIj ,J)j <4_>UJJ 4^s C^K 6J^ljJI ^1 wVnl J! 

p p 

LgJ aJ^j ^jJI (j-a S 1 v mi i-jj^I ^ySs UjI J|j S UjLaaC S^* J^.m.u 




62 



\j\ it\ \ \ jJ 4^Lij>i^l (^1 4*\fl vfl mi ^1 j 4_qI ou J 'J 



^Jj oi^ j^ll ^ J (J I4IC ^j-u=J 4^1 Jx. Jjj to dllA c jjj-J 4Jsl 



5 



UJj^ jjtj oi^jU Jl 4^LUi, j ^hr^inl J j^LJI ^UJ! iUkJI o 









i^j^JI c^l^ ^Lk^ ^U^jl ^1 w7,nl ^UjI £ j^i^ John Stachel J^LLuj ^LLk^JI ^_Li^l Y 

ojJi 3:1^1 ipmi 





£2|nudik i. ftifk 



KlViff ^taffeta* 3 titbit IH lft#fi» 




■LAUJ 




IfrlLUa ^pJI Helene Kaufler Savic 



r 



St *• * I 



** M ** 
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tpljrtjk^l CjIpIj^ i-xj& a (J 4 j lc. j^ji* ><i ^^iJI 4 6jk j_ll j taj \ J (jJ I J lu \\ 1 1 a jj J 

p p p 



JLu ^! Lijj_)) :LoLa3 ^li^.^JLj IjjlxLu ^jl ^ * n ^ 1 ^(pl_ ou J JUa <^ a v lA^JI 



<> j^l JjtiJL dJj ^Kj «<diji ro-. 6j ULa ^Ijj SjjiiJI i£UJ 



66 



.(>JI ojj^ illJ 6 Li>l£L> ^jJI u-ul jJI 



(3 Mill icLuJI (j-o i-ij^JLi j-»j^JI j_i jaJI j i— a lj * 13 1 1 ^yixoj 4_i^_c ^jl^ 

< J^laJI J| 4jL>jJa (J 4j mi <l^.jjs*. Jjlj j\ mi vll 4 a*J \ ^jLLuu_jI ^jl^ LqJ^Cj 



^l^o jj^ Nor- ^Lc ^luaJl 4_^^£ Sjili ill oi^lj ^Lc Sljjil 

4-3uHj (j^jjLij i^\ts>\ dLjj i4_ujJI Jj-q i— ^ j(3 ta ^ ^3 c^ul^^ll 

.^4_iLo^j 4x.Llu^ ^IaAjO (J-o^-j I L^j-Lo 1 l^g a> r ^j-o^JI ts> \ (JLj-oj^ ^jLo^JI ^t_i_tL 
I (j vie. U * t^j Cul^j t4_u j-flJI jl 11 4 t / u jj I pi fl vll ^^Jb icLuJI dul^ 

S^^II oljU^iJI oil^j ,JUI ■ a^j J*. i^LUI oULJI 



* *********** ** ** 

4^L^ J liUI J^Sll *->-uJl Ol IjlaJl ^Aij (jl o^l^lj^ j J2 131a 




13 aU >l 



p 

a^j <4_C ^-llj ^Ijrt^ll CjIpI^o (j-a^i £\ Lj / 1 u 4Jsl l_3^>£. La ^Lc 



^yaljjl (jjjj^l ai ^ j^c LiK CjJ^)) : £>J LLuiIj I J^fl-sj t4jJ_sL5_l ^jxiLllI $ 
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p 



70 



ml's'i Llxjjj 4_ijJaj CjLiiljrlil j-C 4_ajU 4_ijii j 1 ^ **n ^ ^jl^ 

^! Jx ^ji^)) iptiljJI J^UAI Jx j^iUI <jl jju L^i Jli j^j .il^KJI ^U^JI 

72 





74 



S \ M)J 
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^1 J_s ^^mu ^-uJI pi jrLk.^1 CjIpI^ '-.n^ r> <£jj^> gQa o 15-^ 4-fl J i^ll ^Li 1 J*\ frj 



^-ijj pljfl^ r> jl iajJLua dLlA (jil ^Ji <4j_ujLuA!I oUl Mill ^ J -s j \ 4J c 



1 IIOllol <5-LCJjl£l 

.^^j iauaU^j 4a rnlall (JjjjJj ujU jj Maurice Solo vine j^u l> uj J j^ 




g 5^ p / 



jj ( JLUI ^.jJl j La j L (jl Jj^ LEi3lj ^^Ll icLo ui u>ll ^jLSJI 



N * V 



P 5= 



fc ^ P tf ^ p 



J-^b cU»-j» (j-^ 6^J '^Lflll Uj-^ (jjlj n\\\ £ ^jL=»- 



77 



fJc J Lk ^K* Jl^j lliLk Ilk 2_Au ^> 



^j^J <(_^LAJIj <i^LiJlj ^jl^JIj ^jLiil ^j-o 4^ win 4_L^j SjLc ^l4>JIj£. ^jl^ 

p * p 





b M1 "^J J^JI 2^ ^' ^ 'j^^j ««C^b c^ J JJ 

■ pol l nr .l Jl t^^jljj Ja^JI IjJ^j S^iJI 



J U mi J-C Lcl^J Jjjj \ au ^£.LijJ 4 \0 v mi j-q 4 Ifl^. — dLl j ^yz J_s — 4^ j (j **w 1 1 1 




(( 4. i j Ijj 1 mi r> 1 i^i n » jljHc' 



:4 u n^LJLi La^ j ^jjJI 4iLJalj 4jLjI ^jxuj^ij 443ij£ (J jl -s v Mill j vU 11 

Jjl -S Mill ^jL^-J ^j-Q (^C-J-H JO ) (jA-S^^UJ JjiiJ ((.4 > flJJ^ ^jLk-J)) 



^ 1 q I mjl SiLLj j_c 6jj (3 j L<^ L^li^c L pJI 

4j-cujl^!l J-C (jjlj nVwl ^1 <Cg» wnllj jJI 6J%* JaC J (jUj^l 



cpl^gJI SjJilxJI SjjLil £j£. (jxulj Li_/Uto 1q «4jj->i \*S (j^J))^ <4 Ul mil 

jjiU A Treatise of Human Nature Jlo 4onil6llj ^jLJl ^ 4^ JLuJJ 

Mechanics and its j Analysis of the Sensations ^L^j <David Hume 
Baruch ljjn w.il £ jjU Ethics <Ernst Mach £lo o uu J^l Development 



80 .Henri Poincare 4jjI£jI^j (sS^l Science and Hypothesis ^Spinoza 

^JJ^AjJ 1 L-Sj) Mil V 11 ljulj pLolxll P*^!j)-& J-^L-J Lq_LS (J^ij OU J JL^J 



6 ^lak^ali ^1 ^ JlxJI L^oJI oli^Lc tdLi 4^lj j c^l^ i^l^JI 



Jlij .4-ojUJI Sjll (J iiLjJaJI (jxtili mj mi 4jL jUlc^U Lj^c-J^ 4 SjS^ II 



O^^-jl — 4 U> j | lj 1 1 2 a LaiflJ lj ^ ^ uuj — 4 fl mlflJ l 6 J ^ jj «^ 



« f » 



LL(JLU_il 




J^i ^L^£.|j pa n Treatise of Human Nature 4_>L^ o^jjj ^Ul ^j^aj £;La 



81 .. 2 



«.4 \ \ mill ij^iij llU^I C ^)- Q &>^J S jrli 



.5 5 



.L^ljj! ^pJI pLJl^I ^ Sown* Ulko Ijj^j <>jiJ (jl c 

4( >jJ1 JJ^ L^l^ 111 gLAXUj 



^° f*^ ^j^j «.6j^.j 6^3-11 u' J j^" "i ll '6^3-^ 6^ L^j^ 



t^jjlj au |*j 4 v \ mill 4_ijiij ^§ 4->L$lJI (J LaIj-l^ L^J ^j-uj J^LUll J^ojJLi luj 

pp p p 



1 



Jlij iixujdil (J Lj lajlc Jj^Jj (jjj^U 4^ 4ij£. (_£dJI ^Llftl j miIjO 1 



Jx iojUJI SjljU^ll oLuii jiJl (N) I^jli^JI ^ CA^J^ LJU jlo Jajl^ (jl ^1 

4^U USIj cJHI Lljj p j^oj 



<>j .S^Lillj Sjj^jJI J-c ic^lill 4-^Jrrvm^ll oIa^ >JI (V) ti^jj o^L^J 



^Ij >7t nl Jlij ,(J^i^ ^ IHa JSSll J-c) i^jJ NAN 6Lljj iJxj lillo 



gjjjj ^1 5JUJI ^ 6lA» :J^l^ , Liluall Uij ^li^Jl j> Jj^ll iliJI ^ 
l_5jLjl1I ^j- ^(3^1 6 j() fl t4 \ \ \ mJl ^jLuQj 4-uj jl^ 11 oLuiiji JLji.1 J u ui (J-C 1 ^1a3 

« . 4_J j 1 






oL^jUl J^l£J jjjAJI j>WlJI j dK £u Ijj Lo o 1 ^^ ^ «tiSL> I>1 



Ijjfc ^jLi ^ 13 a Ljl» : gj^ tLLj LtAij J^jL^J j nrnll Ij-A Jjlj Lq_l3 <jAijj 



^li ftjj JUj .(ioUJI Snn n l l 4->jJ^ J JUJI L£) ^l^HI pLAiJI jl 4^^)11 

Uj>-> Ja3l£ <jl£ ^1 ^JLabll 4^LJ1 j! .CA^JI c> 6 1 ^ ^ SjJ^dll 



83 



<4^lj_j| (J Sjj-o-o 4-o^Lc m ^pJI 4fl t/~\\\ ^^Jb j tSJjJLll SJjLxJI pI jSlI 

«.4lLJ^l flj ml ^ J-iL^J,l 4^_tu )) LIj^-t*- Jr^"-^ 4_> J Q t ^ r - 



84 



Jl_ i^-l^j Culi ilfl talo ^ j (3 oil (jj^-j tji>.T ^^jjlajj 85 ((.p1 j nH\ 6 L^ji^lx. 



j-c £$1LI liA ^j;^ J j-U 43j^l ^jJI l^t p^JI ^l^ 

jli t((jikLI (jliilwj ((jikLI (^ojJI)) fjC (jSjfJ A-iAli-o 



e p 



86 .. -2 



(( . 4_i j^jJ Li 4_Jc 



N N N 



j 6j^b < f Lsj^uJ j> cjj^I cjjmljflll (MVV— MTY) 

gtjLljj LLujjI Lkjl^cl J-UtO £_daj-iuj (j[ L° 4 ^ VV Ull (JA^!^ (jL» 




87 " ■ ■ 



1 Silioi £-U>JI 



^1 




oL WY J^l ^iu/jjjjd Jj <4i!£JI i^jJI 

Lc^j^^Lc oik jij iSjr^SlI 4_^LI (J 4_a_q ^j^-jJ ^j^L^q (J| ^1" Mini jiLo jjJbSZ 

*= p * * * 

■ T ilU Jaill LqjA^» :Helen Dukas ^l^jj 6^" " n J* Sj^Lujla cJli 





88 



£.& \ jl^jj^j (j^^J^^-to ( jjj-Jj^-q <4_i_iij^!l 4_i_o_i jl^^L ^ Lj_Au_s I ^Lxoj 2_OJJ2»-l J 

J_c ^j^U, ,N ^ • X ^iUI o^l^ / jjLIj <> jLJI J 5_^Uw 3miU j 

^LLIiIjI OjaJI gjji Cxp^ jljjJI Jj? ^ l^jnnl l ^ail gljjJl Ji^ 



\\\ 



89 . 





LoLojjfel P^sI) f k -^-^ 'c^^jj t° ^-^L^li Pi—^jJlj <L_*j^_Lq 



4 v i n jjjj Cul^J <IjI_u_CI L^jl (j-il" au J pUd-u^l jJum . (( (j J 



4^uL 



** ******** 

^1 — dlJj Job (jxuJjU Cut-- J-C j! — 1 jjZ jij iiojjUl jj^v^-Jl 4_jjloUJI 



** ** ** 



V 



13 aU >l 



4 4Aj_il 4jJ)j jl JaC Ci^ \11 Luj^ J| -LJa ^jjl'v m\ >1 uAJj I loir, jji J-Cj 



L JjliG Ijlo .J^LWI J_C jr\^J ^^Ajl jJtJul ^ J < ^JJ i ^ C 4 V\ 1 tic^aiJ j_OJ Cxi jJI)) 



91 5 



♦ "C S g p 

uJ^iJ^ uJJ^ uS^^ c-aSj dij Ji. C^J^' oI ^Twma 3J jjj 

^llAljl £ j^i-* ^ Robert Schulmann jJl o ^>jjj — 

uj j — Jj^eJ o& o^jJI IjIi^ oUI ^1 Michele Zackheim A^l^lj Jj uu q j 




j2 Cul^ L^il LAjI U-^ 11 jjj <((J^flJ nil! (J 4lflUll» 4^.1 jj 

^jj 1 3 mi \ A (jA^jj jsJ 4<d cjL^^i> j^c- oLi-i J>$-jl ((^P Lo^ Ijj^) ^j-ocj pLxoj j (j 



of' u^J '-^ '(^3-*^' lt^^' L^j) 



(jilijU c^j Silj-uaJl 4sS\ ^jJI In Albert's Shadow *Milan Popovic 



ijj^a jiJI IL ojU Jjta.m.uJ ^GjjJ^s Jji3 j iMira Aleckovic L) iuj a j^JI I jrua 

^-sL^lj Jj. UOQ (j, ^ Mill dLlj (j MM J c-jl l^-v JJLJ \ ^ ♦ V JjJ.il/ j\ OJ \ Ml (j 



93 3 



lJ jjt_i c ^£j fJj — Peter Michelmore j j q L uu q ^ ^3 



Jj^. Lu. 



w7/nl J jS^j ( l£l5j ll* <US jr^lilJI ^ C^l^ jii ^1 life 41? 



LL(JLU_il 



94 



(> jjj^JI JikJI jijj «\ ^ • i jU / jjU \ i J ^jft ftj J o >J! J^U J j 



(( . A Ml ^ ^-^^ 4 \ t- 




£y> pi j m^I J^-l j^-^ j»jtVwnj (jl^ jaa 4 4^=>.Lj cul^j ^oijJI dJj J ^jJ ^^jjJJI 



S jLjJJ pU. 4^1 ( JL= fc 6Jjo^ J-l LL^lxo Milos Marie ^i^jjU ^ji^ ^l^ 



(i ^j-qJIj Jaj Uji ^jj (jiujjU (jijiua o^J '(Jjuujum djji \ ♦ ♦ ♦ ♦ 4^1 



(jl ^IjJIj Jlil J^l 431jI gjjlj jj 4il Jill ^Aij (jjl: foil (jl 4^ 

97 L3^I ik.^o jll^l ^11 ,Vnt ^li^^l oIp! jj 





^ jilJ S^Lk^JI 4-^JL> v Lk^ j Lord Kelvin c >i^ j^il jj^JJI <jl 

^1 J^j jJi pLjfill j 4i 1 ,7n< 1 c ji^ jjj^ dllA ^tuJ)) :W ♦ ^jLJI 



igtjLlj J! \ MiSll j 4 5^j^JIj SjUIj 4 1" ^ 1 1 j 4aj jUJI Cjylj^ jnfli 




6J_jJj^jj P^ul) J£ j-UtuiG 4_ijJ^lll 4_ia.llll ^j- (J^°^ J <a! rttVjl J-C jjjj (_£jjLllj 

c> diiJIj oL^LJI fJLc Laplace <_>u^ j^j .4^ J^HJIj 



p^i ^1 (jj^ oJj i^JUJI J oljjJI j&\ c*\£j^- 4JjLji_q j 

4 n if. (J Ij^La. ^jljj^ \ mi ^-iLLIj J \ Milli <4_SlH 4_lxojJL Lx^-oLc 



2 «. 



p f. ...... p 

ji-JLxj )) L^jL I fl i ^ 4_qjLu^JI 4 v v v Mill iitaLxJI 6J^_i uu \\ 

(pj^ dli& pjjJI (J» : JLii 1 Xd"^ pLjjidl ^jLj (j^J jij 3 6 ((^p jjJi 



Michael Faraday ^Ujli J^U ^3^)11 ^j^lll fJUJI ,J ^ I jii ^T^kc. 



iijj^JI O^IUJI O^lj^ — 4mfln 4-aiij (Jc ^ill jlj^JI £j| — (NAIV-NV^N) 



^oiijlj t4 \ mi uallaLo ^^^^^Jl jLajJI ^jl ^-^j' t4 ^ mi v taliaLllj 



> N A 



Sj^ all 4 1 gjj 



^L^-o Jjj J jJljJl J ji-oj jroOll ^^Jl JLdli C^l^c SjkJlIII 



4_Ll^Ij-q «GJLtoj ^j-o (j' C^JJ 4 J- 1 J-'-'-^Lq LT^' 4.1.M.J1 (j dLl 3^ 



fcjjfc 6 Liu i_q i^tj jjjj <JL^-LI C>LijlV\ s Ljj" r> 43l_i^. Jl^Ja jpl" v aU il JJi 



55 . f 



^ oU^All ^ <al dljj^ U-olj lloJ^ ^ gl^l jLI .JL^-li 

jj2> q! OJ uia 11 j ol*^ mil C^J ^IjiJI (J J^jil Jl 11 Jj <pl OJ uiA 11 

L^Ui JU1I 6 jii ol^lj .4_^LjuiJl ^IjJ^ll ^L^ji ^1*J1 



Jl ^ 11 ■^j'Njj t.Q^" ^pJl t Jjj n^Lo c^jL*_a icLj-a J[ ojI Lq Jlc 



6 






4 Q flj r> Jj j m.i^Lq 1 (j t trsj ^pJI ^,iivUL1'»-qjjO < \ 11 Jl ^ 11 4_ijJ^j CjJj 4_sl J_J1 (j 
oL^-^ll (jl Jllil J n mi J_c dfloa ^ Jj j-m^Lo jl ^ jJLi tjj^_u — £_o 

Life j^uiG jl j^.^J ^J^>il P J l^lll J-A-U.U ^^aJI 4_LxOjJ^J LjJl_Q JJ (j'S 11 

c-xxlij <p j) 11 4.t.J.il Ja^-j ^T^C- 4_lS ^Culli j^JI jl I \ i^t jrlil 4-j J vl 0*^11 

^jfcj t4 uiuJaLia OJjQ^ H oL^jil J fl n 1 g j-ojj lt^ 4_uj^-q1LI Sjlil jj J 

<J pIj^JI 4_lxL ^Ul jjdJIj < Laj ^ 1 1 oU^q Jlj J plil 4_ulL ^jJI jjjJI 4 \ au 

.4-Gj i^ill oL^ll J^-j 

(jJJ-tul (J J-u^i j(j lo^ olj-i j£xC jjUl 4jL^u 4^1 Jj^ 



f^ljl^ j^ fLj\ J^. — pUIxJI jl o^SAll ^j^l cul^j <4jSWblSJl 

jgftl 11a J^ Ll^j^ J-c JJj ^1 Ijj^j jl 1j^U"w,m (J — SjUJI 



oL^ ji\ j pji^II Q» \ n i - flj£ — pLxiu^ll ixotjj Oj^Jilj j t^W JiLij ^jJI 

pLAI c^K 3 K & a — ijSLjjAi 




.4 \ it\ dalix-a jj^Jl jjklj-tJI j-j-cl^. Q i Q j ^jJI 4_jjJ^j t4 ^ jJl pi r> v lua 11 




jj J-lc 4^1 jjj t4_j jjLj 4_tojJ-o (J jjj (jxujjj 4 fl v lAj ^1 j 6ljjjl£j-ll ^1 4aj oj ^xJ j 




<SjAA.ll SloJJ jLiaJI jltaj jl dLij <J_c 4^L S jLil dli* ^ jJ 



on (J dPj^ 3^ ^ M 'l ^fl^^l LqjAt. 4 \m ^Lc jlo L$J ^Lj-q -JjJI jo hi) ^pJI 



.4_ujL^JI ^jjjUj tpj i^ill t— fl.ua JjlaJj < <J-iii Liu] I uj 

43jji 4lix^j tpLjjiJI jjjLuI (J Sjj^.jil ^jj%iJI c juLoJaj culi^ ^pJI S jjLoJI pIjSII 



jl jT/ (jujLo (j-Q ajaaJJ CxajJI (j-o j^ m-'I 4jljjI (J Lxp Jj^I ^pJI 4_uaLJI O I j U H j 



j (j nil ^ ll^-lj ^tj i^l Loji olj^>j-o L^J Cull^ t \ ^\ ♦ ^Ijjja./j^jj 




j miIjO H 4-Lxaj — 0< j J La jljj jl^ jl^ jii <j\U 11 ^jt (J 4j mil oLLkiJ 



I^-v uxa 1 jll^ Lo jAj ' j^J (j-o 6jlJ iJ-flUjl — I \ > o vljl 4_LQ_ijl^l (J ^jil 

(J (ji b oU ^ 




uiS ^^Ajl jJ Lol^ jA-xol ^j-*-^ iCxa i^i I I ujj (j r> ja 



^U^i)!l JjSlI JjLlb idi^ JjL^ j obJ JjujL dj^l Lit S^UI 



8 W * tl 4-lniJl 




.ijjljjJI 4^j^JI |xxol 1 fljlc. IjiiUlj ipLAcSlI ^jLtj pLqIc JjtiJlj 4 flUtl 



7 . * 



.^KIlj ^UjJl Jj^kj ^LjJjG < x^w,m ^pJI 4^ j^jil ^ Lx^SU iijj^JI 



< (( )) »— fl 'Qj (j^*v mi i (_£ — 4 v i mill 4_ijJ^j JjLHj ^ jJI jh mil ^jl^lll 



6a \11 4_i (_^3JI P/^iJI (jAju ia * ll (jl^lxJI (3 I J^-i ^j-illAlil j^l jjaj 

i^-j)) jjbj <Annalen der Physik 3UI Wo jljf/^jLo W j 4_oj<a ^Ul 



3 ^ J 4_u^iLj j 5j5 ^-q L^jI I t Jl J^-Sll JjAil (J 4jjLij| 6 jrA ^ 11 I (j a^bj ^.qaj 
(J pLjj-fiJI pLqIc ^jjl^- OjLjI ^IXaUjl 6a \ a*±ajl& (j (JjLxlq dlllA Cul^ 



S^^Us UjIc IjLi ,pL^S!I > Lu^jll 



^^-uj^JI (jS-Lu (jl^^ tplx^JI ^jljjj^. t JSL mi j SjLLI j tajJl c_ s^%^-s Sj^-Ij gtjLllJI 

.JMlJL 4(jjw7,ll i^LJI oL^lLI gin ^pJI i^LjJI ibLxll 



(^JaAJ ^l^j celiac (jj-oU^j OJ^J^J pL^Ic L^j iLjj^- i^LLI iljLc j \ Ao A 

4^1 43 J U^1 ? 0^ 



^uJI Axj ^l^j ,4I^UL ji^iJI j^jJl liiUI L> cuiil j <xAKl 



dljrLxuil I r>(j fl ^ J-ua JUj j .4^ I mid (j Lxa m.ijj t4j ^ v \ \~* \ \ kfl^la j 44_ij*^!^i 4_o_s^C 

ili^LL^I Lo^Iq j-^l CaI^-j Ja^j ut uaJl ^» Lui Max Born (jj^ (jjj^U 

^llajj 1 4 n mi j 43JjLc J_JLflILi jjIjJI J-> J oi ^ dlj*^Li Lol i4_LS ^jTi v * i ^ jJI ^oja^oJJ 

^((.5JjjJI fcLaJj 4Jl5j-o (J (S^SJi^ <LajL1I ^jIj 4_q_1^3lj jj^-i 'JJ-^ 

^£ jJI :N AAY ^Lc ^ j5j <(J^I JUII oLjJ^j oUjil J^LLo j) ^Lc 



jjLij II l^jjl^Lxo (jn Mil ^ j ^§ — 1 \ v^j^ ^ ^ J-c Sjjllll jjiJI oUjLi-o 




10 



Sj^ all 4 1 uA\ 



j3 <jK ^pJI oUjIJjaJ i^L^)!l ^JLaftl j^l ^1 plai aS ^ dJl>j 



4iLxjJsl jl p jjAJJ SjLq vr\\c\ Sac O jLJl jrp IaJI J-C Jj <43l j p j <^11 4_xaj_U 





jl pi 9 \ '\\ 4_SlLoC L^j j^aii i 4-ul Laa> 4-L^. ^^LjJI 4HjLj j^lcl 

JjLi dJj p j i^ll 4j MiLu^jl iAjjJ^JI J_c ^ v U L ^ 4*^ I 4 p jjAJI l ^2>L^LqI 

"^^ ((.6 J jJa 11 4-ijLtulll 



L>° 4_s_sji: 4 v i/^La. dllA Cul^ tdlj^Li CuLj jr^ mij 4 K mi o ujU 



^1 





\ ♦ ♦ ♦ J| 4x.j la m 4_^-j J SjLij J^.^u ^jLij^ L>H3^ ^Lu^a ^IjjklxuLi Pj) <^>11 
I a 1j j iOtjjj^J)!! ^ Ijjj>-Q jj^. 6jJu P j .^lli Od^J dJj 



6 jta hi 6" {_y£. p jjAII 4_i^. 3! I Oj-sC. j^al I jjfc j <41jLj ^jj^J[ J£ 4iLL O-Lt 



jli^l lia J jilcl)) :S^Sll 4^jLc c^l^j ^jJaiJI J^S i^lJI g^Lu J 




^jJlj .N^^O .Lc P^iAJI oL^ JjlH ^jJI 4l^J J 4ixi La LxuaJL IdAj 

« 1 ***** * * 

i^.^a-a 4^a^ ^j- — LfeLa-tol La^ pj i^>11 oLa^ — laAjJlj 4 ^ u ai Cj\ mh^ ^j- 




oUw.i^ll j-c i^jUJI oLjJ^lJI CAf La jr\_^JI jjliJI L-luajJ 4l^j ^1 j mlul !jj 
O^Uil Jla) ii^la u^ 1 CiLj^llb (oljUJJ i^^JI ij^kUl Jla) 



u dllA)) :JL^j t(pj <^>11 4 jil SjjJajJl ^3 4 \ lu jj^ 11 

.^jliJI pLAiJL ^.a.u.u Laji 4 uuj Ul^it.a j^^Jl Cj\ JajlII J^c lu& Lo 4_i jJajj 



g p p 



p p p p 

Ijjfc ^1 J_c j£l p j .^11 4 j oia 11 iijJilJI 4x.lij (j^lj Mini f-SLi Jjl J^ij 



p ^ p p 

«"t£j-^l 4-ijJ^J I J-il L^J J J U oU ^!l J OJ *s 1 1 <j-o$ <4 il ijj^jJI jJfejjJaJI aiuflJ 



4iL*^)J^j ^jjz*. 4-LQJ loa 1 1 4 *j bJ 1 1 ^ I ijjJ^UI CAJ ^jlJI J 4^^ 

<L ^u^-JI ol j^L^ail (jl jUj (jl 1 \ \ I cq) :JLSj tL^J j^^^ ^! oi^-uio. o3^t 



43Li^ (3 (j-*l~ mi\ J 1 ^ \*Vs ^jJI ll ^>^l Loj^j ^jJI ^ l ll o^L^- a3 




jtaJlIj Lojlc Jj_lu^!I j\ 11 ^Lji_ii)| L_s jtVJlIIj J^JljJI (jjLi ^ <4-a^ 



jl (jjl 3 ftiiL Ija (sJ\j .j^uH\ pm ? ll j-l^i)! 4^1,r>-v)ll Ky^Kj^ll 4^LJI 

p 



1*\ aU >l 



(j-o JjJ-o oLxajI 4_LLmAJ j^jjG cJj-uj (jjjrlll (jxuJj) 

(( . J J J \ Mill Lb J_L^J ^jJl 4_iJ J-L^ J J (j *N 1 1 SjjfeLtJI 




5j Mtll (J J (J 4 milj 6 j^j U Uij — (jjlj Mini jjj j-^l jJI J 

jjjai ^jjiJI ^ 18 .^ ^L^^! ^Lji^iJI (53*11 dljjl — iJLUI 

JUIIj p jjAJI 4inh J iL^tlo 4_^LjAi iLkj ^LlLj 4^1 ^ 4^J .Sjlil 

Gerald Holton ^jlJj^ Jlj^. ^L^lxJI ^LkjJII .43lj ^ n j U LlLaj^^J 1 
Jx. N ^ • • ^Lc d^^L d> ^ \ (jl p jil ^Jaluu)) :Steven Brush ^Lj^j oAh^j 



P 9- 






21 r 



.SjLII g-j "^>ll 

4aW ^aSLl oUUI <C*^ jJL> j3 4il V UJI ^lyL^I oIp! JJ ^it^o t*fc*aL 



J gL^^Ll Sjfljfl^ i^U. cw.nl l^J ^U^i)!l ^Ualol jl oLx^l pUjI c 

j (pj^aJI ^) ((JsiiJl ^)) <> d^J ^ Ul» ^l>JI 



23 ((.pjjAJI ^ 4 j noji (j J 111 I J^n mi J_c Jjti U£ 



24 rl ? 



Ho 



^111 Robert Millikan ^ KjIj q o i^UJI ^jaJJI (^jJI ^LjJaAJIj 

« ***** ** * ** ****** 



.4J1 





< c jjllAlil 3JjLa_a 413^! (_^jJI jru^ 11 ^1 a ill ^jJI J-c.)) :JL5j « 

ijjj^j L^lc IjJ^aj IjrV-ULJ oJ^^J I Q\\c. CUJJ ^pJl ipLjjjiJI 4-j j 1VJ 1 <j| Jj^-j JflS 



Sjrt^ — pj^JJ 4_^jJjil 4juJJ1j — ^ 4flj^tlj 4_^>J1 gStilll J lliAa iLft 
(jl jaj t ^uuj J^-q jej^-" 4ijJ^ Jl 43lij v> a 4_G£ v Lk^ .Jjaj Jl 





,2J 5JLoj <jl Sj-q JjL^. jii 1 jJ t 6ljjH^ jJl J-c Jj 11 

JjJ^)) ^l^bu 4_ik J^xj ^jJI ^LUl vll jll^l IjJ t 4jw,nll jl oUUl 

IjjL du^ui C^\£ S j£lA\ 3jSLftadl pLJa^JI ^Lc (jjlj ftjj l-xI: 



J^l Jjlj 4JLo ^flVnnt ^jJl i^ljjJI 4^ ^Jl ^ 4l^j (Jj) iLjLJI 4^U^I (J 

K^LAjj J-c 4_^Lol S jj<^} dJj 4±> j^lclj ^Alfred Kleiner jj^iJl 

JJ^ d^Lo J-^b ^ Cx^j (jl p i Uwn l 4^J 28 .4-j. .\jl^l l J^lj^JI 



Sj^ *ll 4 1 gjj 



Amedeo Avogadro jjjU^i! JLk;)ll aJL*JI 6^ oj* Je^j 

(jl Jj£i — jaj Uji U£ — 4^,^ J^ji Jl j3 (\Aol-W\T\) 



jlc oIajj^JI C j- Q ^*AJl1I (J^lj J_c ^ j*\ 3 4-flJj-^ll oljLxJl (j- 4-> jl null aj)^ ^ II 



***** ** ** ' 



jjb 3 ) ™\ ♦ x V VYU JUJI ^jiUli .p^JI ^ l^ac l>l - Jljj 



29 



(.[£u»i£ M,o] JUol 






. YV N • x Y,N 

4 1^ n J! 4ja ^ aJ^ Ladle j t » j 1 j i^ll Ij-Jj^ f^J-M O^- 1 '-^ '"^-J 

^Jijl 4 S ^Lua ^ jjjj i^U. 4jJj5 ^1 jjlj J\ / nU ,nc] J Aruialen der Physik 



^lluuJ J^JI ^jJj ^ (J c^3Jl) jjjj J$j ^J^ 1 l>^j *Lf^ 



ol>-aJI Ji ^ ^ 4^ Jl 



I U-^- L$_i t.Q aU^lj 4JLljJaJI ^ujji t__JLLi j-CLk.1 oI^A-uj ^-lAj JJLi^ 



p p * p 

30 .UUs 

J-c olvfl^ (^j^-t j 51^ ^JL^I I jJ j <l,l^ Sjry-^ja L$j>Sl jllu.iSll L#_<Aij 



42JL0 j jii JU. 3J J-cj 31 .dJj 3^ s<Lp Jjlij 3J < jjUI 



.^SljJI (J J(] LaJ L-fl ^ ^-^si"^ J^l J^C- C>1 I U1A 11 4-jjl J.U.LtJl CjL^jl Mill { JA '^^1 

pULJI jr^J olt iuljjJI 4^^JL JjAiS j^Lt dJ J pL^I J (jjlj ,Vnl ^ jr^ 



55 * ^ 



Oj-sjj (^dlb^ oUllI jJLc (J| 4_s_uaj ^xxo^ll Ij^j 4_pljjJI 4^j^JI 

4-pljm^ll 4^ ^Jl (jc SL^Lo oIlA^^U \ AYA f.Lc ^01: ^Ul Robert Brown (jljjj 



ixoljjJI Cxjj^.1 >tS3* j(j ci j 1 a jlc pUI (J 35 U 11 4oj^ jJI ^L5ill ol 1 



.4 flLUA ri pi mflJ Cx^J^j iJj^JI ^jI Jlio3 (j-o L^Axi 4^j^.| Cj\ awii% J-C 




Sj^ all 4 1 gjj 



32 



j UJjJLI k^JJ r U^I oIj r Lu^l <jM ^jlj^JJ 3A?3^Jl ijS^JI ijjJ^U 



33 



( jxlJ 43a l (j[ JL<3 j[ <£^£aJI ^A^-a (Jj^ll 4_Lb^JJ jJjj I P \ \ ai ^ 



jjjjl ^jj iUiJ-u^j (j^J 4 U U 4-jj(j 11 ol oj uiA 11 4^j^- dlllA (j' 

34 «.JjjJa oij jlo 4ijjJi-Q iijljjJI 4^j^JL 4 ljtlll jLuSjS!! 
JjSL JjSlI iU^U S^ljjJI 4^^JI JjllLj 4^1 4-^1^1 jXu 

pLAcSll L_^jLt j pLqIc j-i-^j jU» : J^Lj Ail 4 -» c^j JjJa j ; La> jl^j j^J i^u^ jqs 



dJj ((.iuljjJI 4_Aj3^J1 4^ j^JI Ifljlr. Ij fllU lj t 4flUll ^1 r.t^^Ll 4^ j^JI 



4*Cj -v 1 1 6 ji, 1 J^M Q -v 11 \ 4**\-v \ 1 J_s_j ^.U t4 o(g 4 ^ ^ -v Cul^ n\\ \\ 4_j J j (jti 



* * Z . . . Z Z * 



l^fl fl 4 \ i mjJI iiji^j jl J-C LqJaC — Llj^JS (_£jl^u Lo^ — 4_slc j£ 

.P j i^ll <Lc j^jj j jrG^IL 4 fllxlll 4j II goLlllI jr\_to£jJ 4J jL^-Q 



(Ji (£43-* L>^ 4 fl U ft ^LflJ 4 j J-=*.l j pLq ^I^U i^>I jl ^LLxu-il dljjl 

^j-o Q La 1 J la ' s^i 4 *\ La ft 4 k -s 1 ^1 (J ( j^jju^ ^ \ mi^ II jl t\jbSu^j ^J-^- 

ojLi- (J^^jGlj jJa 4 *v v * ft d Us^ 1 . \ j ->v 11 l_S^I1 a U ,,,1 j j j 

L=k ^ l**n 4 k-s 1 ^xj tpLoJ i^ill ^j- I JJaJ j\ ^ mi^ 11 (j- 

4^j1 j mi *J1 ^UxJLi ^-o-tuj La I fl ic gtHi 4-u lj. maC. 6 y\ '<o 3 4^ ulll j^Jlj 




j»Q IpJ-i dlj^*v ^ Ijj ft *s ft J jl 4^>-^JI 6*iA j j) i r*T\ \ I 4^_i^Ja J i^qIj 




35 : 



.4^ ^-Jl J ULixcl 

6 ^aJl-u^ 4_Lij j^i-ll t ^>- Q *^ J (j^ ^ (1)-° (J^^ s\ dlj jl 

Jfl Mill ^ ^l^ t 4^^1 ^1 J ^ 11 ic^ ,4_^1jjaJ1 4^j-JI j 



4-jjlA*Jl 43ijJLft ^J^*v Mil 1 jJ iLfcjLliJ 4 'v^ oj 4j0j0^ oLisl j^il ^ I j ai L 1 jlj 
iLiij oLualjrtil J[ J^u^ jil jl nn'^1 £ji±X-A j i^-jjilt ^ 4-iAJj ^ 1 1 oLjL_Jl j 
4(JjLujJI Sjl^i. 4_^*.j 4 ft"\ ^ 1 Lfl_S^ Aj-uiaJl L^j"\*v ^ (jl i.n ^ ^jJI iiLtoil ^t_L<^^J 



pill (J jA-^jlll \ / \ ♦ ♦ • 6jJ^5 2-1^} '"7- 4_1L>- (J Jllil Jj_uoj Jx. Jlk\ jii 



Sj^ all 4 1 gjj 



oLijtVvll ^-Lii j (J 4£.ljJ (jL^ (_£jJI — au J ^j-g-Jlj ((.LqLqj 4^JL_u3 4_> J llfljJl 



Henry ^Jj^jjLu ^^Ia ^Ul fJLc ajJJL^I 



ol j jl! ^jlll jj^JI t^llAljl oLAl>il jj^Ll! Lj^ Ij^ q Seidentopf 



OpL=>- tljJUJ muo Jlj_i ^ ollij^Jlj ol j jJl Jj^j ^jJl CxijJI (J)) :4jjJajJl 

^ P P 

P P P ^ P P 



4l^jlij .SjJd^JI jl^iSlL Jfl^j :4l^j <jc Abraham Pais ^Ul jj[ Jlij 




1 Jj_5 j t g- 1 1 4x. j-^-oj d < \^^°\[\ ^\_t,txr±$\ *j o ' ^jj 4 1"\ ^ o 4u jJ^t > (3 4Ju5jj 




o^uLa Jl ^s"\\ LoS — 5 j*\ o 1 1 6 jjJi ^jJj «-fl>toj 4 4_iji_i£. Sjia 4J olj-U 4 



((.(jLjJlj (jlill ijjJ^i JjjjG» Jl — j^AJI dJj J jrt^AJI 4_»Lk^ j 




WO 




U^c jt^lD ^ C^I^JI U 1 t> 




/ p UoUJ 1 





3 f ^ H 9 -^JJJ%° uj^ ii 4fL*^ 




.» ji tLfli p^-aui ji 4(_^^n ^j_c 



5JLa. (J» I <\q\\ j «5^j^. 3JL». (J» I o^jI L^j j j -s j iS^jJa j^.jj ^ 4^1 ^Jal ji\ j 




^ %% ^ ^ 

. « jt^-u^ J-c Lo^_il Q uj 4_ijjaJI dLl& Q mi \lj tL^Il^j (j^a <— »L"UJ 



jl i^aUL la* Ua^S d^lj jAJLj «>Sl Jl i^UL d 




N «c£>^" v^lj^JI 

j-c ^11 Jjajj ^ > <\ • .Lc ^1 3 ftj J U jiLl ^pJI 4_^UJ1 4 n mill 4_jjJ^ j 
<Lc (jljAl.ai.il 4_ji d jaj ) u flj :(l r> ml pU>. O-^j) ^ i^laJl 5JLiJI 6JA 

Lo — 4 alalLo ic juu j\ Lflj mid (j — j^^l (j[ 4 \ igilL LoAJ^.1 IajIj 



<JjL_UJ ic jMJ JjJ-J Lojlc (J.O'^ Mill (jl tJ-Q-tO^!l IjjJJ Cxaaj (jl c_ 

^ j 4-u 1 uif ■ 4iLjJa_j djAJ l jl J-oljiJI J-C 6 






Lo^ oljj Ml ^yQ MM J ^0*^11 3U Ml 1 J-OJ J . 4-Q j>U i >1 (lUJ L^_j_Q 





2 .1 fljlf. 4jj mill ^ j(j q \ Laj cJjLs^j i^jUJI i-jj-kij jU^j_ (J icjLullI 4^j^JI 
(jl J-c (j^jj IjjII jjJJU. ^L-a Ujlc MVY ^Lc J 4j wn'vll 4 uai oIjj 




Dialogue Concerning 4_>L£ .iLsLill ic ^Jl olj oL3lj^)!l <utVil 




^Li iLlii <c^u d 4jL jaLUI Ija ^L^l LjIcj .icLJI j Jxo *W - • • 



.(Miller 1999, 25 ^Ij) .i^UJI ^jUUI (J^t-o 



(jL S £c ^il jj (jl jjljlL^ J J the Two Chief World Systems 

(jj^ oull JjU-j <(J Sjflji 4jja. ^Ul ^j^i! Cullll Cw.nl jS!l 




(jjii Lojlcj .1 fllaJS jr\-L^ pIxj (J SjJai 6j pill Lglo Li luJ <L^.U*j 



4x rMU 5 r\ ■» 1^ II CjI ruloJI aJ^3 ■ fl 4_>Ljjt_> >_l.^ I \ (LqLqj 4^ Leu 4 n 6 mil 

p^iu ^^it LojAc j A U ail pIcjJI (J pill oljJ^i mm j <pIj_ujJI 

fcLj^l <> oU^I J^l J j^l SjIj ^uEJj ^ll^j ^ dlLjJ^ Jl 



LLa dL^ojij jiiti L>l>Xj <4jjLu1o oliLail ^ « j^SlI 




iijlixj pIj /njl 6Jj5> iL^^Lj Lojlcj .&L^jI J£ (J SjjLuXo oLa-Lu-o 

O mi vlj 4 n ta3 \ ri 4^j^JI ^jl 4_U_ij-Co I (j aaj ix^jj 4_>h 4*\ \fl uJlj j^jI 



*»p ****** * **** 



3 r 



jl mill JuAil >. q 1^ j dllA (JxlJ 



.j^SII Jl 4 \,t\\\L Uj^j^I ibis ic ^l^ 




**** ******* *** 

CajI^ L5 lJI oUkjII jnfli CuJ^Sl tpUl pLcj J SLu2^j j j L 1 La. 4 nfl mi J ^jiLuil 



.4^^Jl1I (J pLlxu^II 4_iX_i^ tpLcjJI ia^Ajj > 



jSlij Jlill Jjj^ J_cj ^jUll jl pLLI jl pI^JI Jlo J^Lojl j JoVn <j! 

J icLJI (J *^Lua VV ♦ ic^xu iijJJI Sjlj^. is*, jj (J pIj^JI J^U»- Oj .^11 oUj^ 

J-C 1 (j^ jl / 1 1 £yC pLLI j O J II oL=fcJ-o d jl /n jr\-AJJ ^ jjJjJL*. 4\jQ m jLocI <Jj 



J oU-jil Jl jJ^jjj 4 nfl mil jJ^u jji Jjuuaj dil Ji\ J-^ ^ j ^jjiLuil 



ic ^ujJLs c_jjL^ cj -0 SjjLl^JI cj j 11 c>L^3-q 4-c-j^ j" ffi ^1 jl < U II 



pIAI) J^ojJI Jl 4w.mIL d^j^ Jx. J^bG oUjII 6JA l$j d ^All 



djg 




4x. j^jj J-c J-aIxj Lj 1 1 CjL^j-o djJI_ L^j J i^T\ 4x.jn.uJ I (jl (_^l 

in) cjL^j^ ic j oj * j JULj <4Ax Ijjjlj jl i^jll jJj-oq &L^JI pLLI J*^L^. 

• Oj '^ll CjU»- jjs J ^ | ^jJI pIj^JI J! 4 \ milL dj£ j^- J-C d-dl_ 4 v miiL 



dj^Jlj ^U^U K v ^ ^ djl cLpG t4 j klo 4jj mill olx j^oJI fcjjfc j J-G 

(J Sj^lxa Cxxijjlj 4_^jLq 4j=>.IjJ O /n j I jLi <4xLdl <J JLxsl \ ♦ 4x 




d j j I ^ jj j dj*UJi d j^"" UIjj ^Jj_uii iicLJI J *^L* £ • ic^uj glj-eftl 

^L Oj-ucJI oU-j-Q (jl JUL JjA3 .(dJI 4 w.nllj) icLJI J *^Lo 0. 4_c ^vlu 



J VV* ic^p^u ^LJI pIj^JI JoTnj tjjju c-jjli J^j (>o djfeUG 

£♦ ic^xu 3^jJI jj j ijjUl dl=Jjj j I jli t^ULAll ^Lj icLJI 



"jL-q AN* ic ^-u-s djjL^JJ j d J Cj j i/^II CjU- 3-Q d ja JJ « S ticLaJI (J ^Lj_q 



.(dJI 4 w.nllj) icLdl J 
S pj H (ill u\<\ jaJlij Ji5i :4_ujxo 4-o3^" SljL^-QJ (jIU'v \ 4 mflj Jj^j LqjjX. 

(j^-J J t4*V 9 llll C>l ^ V U1A II (j- jl-^ (JJjLtO^II (J 4_j| J_C P^jAJI (jj ^J-j jj 1 ^J 

p 

(j I jj ^ 1 uj^ 1 (j j^il ^pJI ixaillLI 4jj!A*JI ^jl^Oj pLqJjJI fjajuo (jl^ (jjlj oujI 




p jjAJI (jlj iljUJIj ^jjjJ IJv^U-o ^\<L ^jJI Christiaan Huygens jn^jjA 



.4^>jjQ 6jl ncl cja > 

Sjta-^xo ijj^ — Jlill Jjwm J_c — Thomas Young gtjjj ^Ujj ^j^-I aij 



C^Ul jLLI p^aJI 6^ . h\< juuajjj ^jljil ijiU ^jJI 

^L&l ^ j Si!. IjSIjj c^IAII ^ c> isuLUI oUjil cjL^J 

p 

J_c 2LaaI pU^I J_c James Clerk Maxwell Jjjh£U d j^, juLu ji j 



JO 3 <4j auiallAil j ij_s^$fLll j p^jAJI £>U SJa^Lc Jj^-j (jiijlil Ladle 4j*^.jll 4j j k \ I 



j-arJI j£j <4w,nUl\itlj iijj^JI C^LJJ d^Lo l-Lusj O^jL^ Jl 

^jfc 4 \ \ * c\ 4x. ^ojj Jq*\ n (jl Jj *i! 4 wn vUl.li>.oj^£JI 

AM jjjIjJI LllU.. 4_iic U jl kill 11a J^.m.uj <4 wMjULijLajjfl^H 

b (^^jLj FM jij>\J\ oU^j (SjjL V • ♦ ^^il l$J>L jl^j) 
L^jli (oL^-jil jjjj dJ j_> jljjjj) jil JljJ^I UjIcj t (oLu^ j-> o^Li) 



Jl (i^^JI ^ ^^Jl) <> Yo) ^ CJ |^ ^1 pjj aJ| ^ gin 



gill j^l ii^jil Jl^kSllj .(i^^JI j> (j^Ill j> N£) gmflnll 



>oL^aII 4_ii j:tnn ^jJI Um. Jl U :J1a 4^11 4lwnSjl ^Axj dJj jlll 



^1^ ^1 J ^! tJ! $t\ dJj Jl i^aUL ^ J 3 tj&\ ^1 4a1c jlkl 



^jj ^ Loj .^l» :jju Lo_ii ^ 1 3 mi 1j I Jlij .oj <^ll oU^jI pl s 5^Jl^ p^jAJI oU>- ji 



((P^ukJl ^IWo ^iuj^l^JI jiplUlil^ Y^'W^YloA jlipliJIi N A*\YAY,1 t iiJI <> j e >, Y 



J-oLk. 1^ ojj (3 > J-> 4 ilrtfc 4^1 J-C ^faj^Li ^jt 1 P^aAJI <jl <jl Mill ^!L^a 



.5JjU ^uj 
^jUI (J jry^l jjfi. jgfl mil C^ Jl J[ \±£t> J£ 

I j| j&\ 4-C ^oj djl jj^-j j-<£ CjL^-jII 4 jry^l J*^i»- Jim isfc. j-q JjlsJLj P j_iAJI 



5 J (j ^1 1 ^1 ^jl J£ pLoIaJI jil^l J^j j noil jjj^a ^L^jL jry^ll j^c dj^Jlj 

.ic^l j jjUJI IIa ^JLl^I ijjlxxJI V jUlJlj 



(3 4-j^>-^j) 4_laa1 CjI J )) L^jLi Jjlj La_i_3 miv J 1 fl ^IlJI j Iajj I ^Jj^.1^ 

Hippolyte jjji c^Jjm^ jUI pLj^I ^JLc Ul 6 ( (4-^UJI 4 n„nll ijj^ 
pjjAJI ^Lxui j U mi jii td^la U / 1 1 j J pjjAJI ic j^o JjL^. ^jJI ^Fizeau 



Ja^j Jl jJ^JL dlJj dljjl 4j^JL ^j^liJI gaialouj ,^Sll ^UAJI oUj^ J-c 



Edward Morley J J3 ^ j j| j j[j Albert Michelson ^jmKjLa o jJl c^je-' ^ J 





^j^x ^Ijj JjJa Jx bUjj 4lj^ pJ^JI J-^^j <lA>>" ubj J J 'J* 





p j .^11 ic^-o <jl i^=*^J J-^-i '^ru^H dl^ixo J^a- La j * i ^ j ^^jJI ol \ i^tjiJl jjjGj 

.pLuiSlI J£ >^ >Ju ^Jl£ ^ tb£ 



^pLj^l — Hendrik Lorentz y^jji dLjjl^ J-u^£ Ujlc ^vix £_ujLiI1 ^jUI 



aiaJjl 4j,^ ji — Jx U^lo J£ — George Fitzgerald Jlj^jli 



((.JjjuJI Jx LfcjrtxuiG (j^-^ 4.J miLjj! 4j-v I j J j I Jl_ IdA (_^J I j » t4jj^ J^. Jx 



8 .. r 



J >aj Jx 4^jj^ 1 J 43jxLxuj \j Us*\ 11 pLi^j-flJLi 4^Ls^jlo^ (^j-ojJI 4 <\q fl LL i/^ ^ 



oULL 4^UI ^ ^LAi dJjj .jjl J 4^aLG l(jjlr. 4 * ? ft ^1 ijjlAJI ^jL^lJ 



ic^lll 6dA jj£-J tSjJfeLt c jl3 d ai 1 1 JJ_ ic^J ^-Lq J U-« Jii t4 miI6 II 



JJ3 Lo_sjj <4" \ ir^-\ at 1^3^?" I " j V\ j 1 1 4" ifl Cul^ 



JLkj| (J c-JJ^Lj 4_aC 6^cLu_q :4^j]jV\"I1 4jflU 11 4_ijJ Cajj^ ^1 J^IjjJI 
oIpIj-J u"^ o ^3 J-o-sJI j tpLjfl^ 11 jJ^a (J ol MijUllxllj £j\ flIU J-C qUj mi^" 



^jlJ Sjjj^ 3jJ^J ^1^1 olpl ^ Jj ? au oUL <uk JL^H ^jJl ^IjL^I 



L Jjjl Cul^ C>ij (J (j^>J (J cJl jJJjJI .—1*1^ ^ jjAi jl Uo II 4 <s j icLxJI (j-o 



jj^lill J oLcLJl <>j ju^-jj j iijj^JI oljLi)ll ^l.^"wnl UjlJ j3 4_*i 

,JxlC (_£jJI jinn ( J_iixQ 4JLjJ_L<a (J (Jj ojj £>jL^_S^I J^.jj <4_ilajJI 

*% *** ****** ** ** * ** 



10 r 



.ii^Jl 4j<jM<jll S^^IJ L^U oIpI ^ J <juq 



I (jl Jfl Mill (j-Q (JAuJ)) :JU Jj3j <4jlftJtJl Oj^J^J L_9-L^ U-lflj c_£jJLJ (jl (j^-O-J 

J_C 6 JO ■» r> 6jry£ J-ol OjiLu^j jii \ mill iijJiij Jl_ J-u^ 4 J fl j*S ^ 




4_j|j_J| 4 U \ ^jJi (jA-fl-JI (j-o p^ulu L^_J| 7^-^x0 ^jl ^ JaJ au ^aJI pl_Lui)^ll Jj^.1 



4_jj^i ijj^JLi lj_i 4 v \ mill 4_ijJ^j 4iijJa IjI^-q J Li jii t^l'v ^ 4 v ai UjJl 



^jllajl P^jll (jl v mi Lo J >aj s (jl J^L^. j[ (j-o S^ulc 4_ujjLtuJI (J ^-^,3 

(Jli «(jA^Lj3)) J| Ojl 4_> j *^ 1 1 6 j-A (j| JLij tPj i^>ll 4-t-g.il Si jl c\ \ i^>ll i^^-tu 

<(^ljiJI (J p^jAJI ic^o (^Aj) C ic j^uj pjjAJI (j-o IcL-».m.i o fl lj| 



4i 



^-o iLj^Loj I wii vUI-li>.ojj^ *^IL^-Q ^Jj) i^>ll gL*.u.Jl dilj ^jl t_5j-uii 

l^xu ^43^3 JLIa (jl j-u aJ dLlj .pLAiJI (j 



t it 



Lfli j — J-uoljJl dJj jJaj (j-o — O.Wj mi P(^5u (jl J lj_s 

Jl 4wnML (jj^o 5JU J j-^l Jl Ijl I4JUJJ ^pJI Crol^lll 



dlj^^j 4Jsl JJ^j (jl * j LaJ > 1 u jl JjSll J '^lj-11 uJjitj mi l_L^ jl_ <(ji>jS!l 



4jj mill ijjJ^iJ 6jJu iSjlidl 6Jj5> (J Pjll ^^>j ?4-xj^uj 4^oJallo 

12 .i^UJI 




<4 v v mill I J-J. * i^aj ^jl Jj P j) i^ill (j^l^ (jl ^j-o ^jjlj uu >1 6 jiLlxj ^jl^ Lo fl *n 1 



** * * ** t» ** M 



13 ' s 



(>j La Lis jLxj ji uu ml 4JsL dLlj (Jj_ SiLi^Li 4^j\ 611 4_> jajJI ^5-=^^ 
41=*. I J (J I jjfc J£ (jJJji-j < Jjj-uj^Lq jL*_a (J p j noil ic j^jj oLsi j (jJ K-iji^-iil 
4_j|j_dl (J» IJjlj Lui JUj t6J mi \ 4_jLu^cI L^jl Jj^k. j ((^,i»fl*vll jjjjJI ^j-o 4_ILi.)) 



((.c-^lj la t^^ll 4JL2*. (3 £-J^1-*-<j1 ^>ArJ Cu^ LiLcu Cu^ Lojlcj t4 v \ </^>» 11 
^oJallAil ^1^1 p| j^o jy£Z y jLlJl 1 SJ^, (jl 6jJ( j I4JL0 JcL^ ^l^ ^1 i^^Ul 



Introduction to Maxwell's Jjji cxjn^jj l^i^ NAM ^Lc LlJ j^j 



o*^j-qU i^^JI K j^llaJI)) u ^.^^ J-uai 4j j ^Theory of Electricity 



<jl£ (jl — C^JI OJ^J Ujlc — ^1 dllA illxuuo J n ((4^ 




15 r 



.4^j_^ 5JLa. (J J j jjJI jl (J.mUIIxI 



o^H ^jIjU (jjili Jji_j J^l 5JLJI t ((CjOlUJI J JJji 



(jjjCa J^; ijillll iJLJI ^U^o J3 J^LL ,nUI^II 



16 ~ p 
«. 



15 



^ p p p 



i^i^jU J La j tjy^\ lJLi^^ j^L J! J^jlJI i^jUl 4lu>ja-o J c^oLdl j^l 

ij a > (jj lj ail|) Ijii <4jlf> C . 43iLjjJa (jjl " mu l j^Lii 



(J Laj 4 jrySlI mi!^ ijj^Jj S ^Ca£- O^LU iLii jJI jrA-C gtjlljJI t .3i^ j 1 1 j Q I Ll^ 

Attempt ob 1 ^ c^jJl J£W <->t£ J f^Lc lUs Jjj^j 

11a jo *at a Theory of Electrical and Optical Phenomena in Moving Bodies 



******* ** ' 

Jjij 4j[ S^j^lJl jjJa (J 4jj mill ^ 6 ji^-il Cul^ Lq jlc ^ 1 3 oi L I J-C — J .^1 jJI 



20 :l • 



p 




pjjAJI JUljl 4-JjJij (J jrA JLk Q a i*S jiJ» :Jlij iLti^JLo 4J>I 




21 r 



«.4_l^LLJI 4 v \ Lolll S-ijJ^ I *\ o 

Jj3*j (jjmiKjLq gjllj L_Luaj ^ill *Max Wertheimer j-^L^ >i cJIiAa 11 
J j^jL^I jr\i iicj 4_iic cacUI 1^ (jl — Arthur I. Miller ji^ 

22 CaJIj oa^ II Li^. ^Jj^j./.m ^jLi_cs ^jo^^aJ 4 I \ Jj-j 1"\ m \ J 4 tr\ Q aIjaj "'I 

£jj-*jj ^^X. J-J ^Lij_iiJ ^£xp^ll J^C oL^-j^p^^ 11 c j^i 4 1 mi 1 mi ^Lll Labile 4jLl^- ^j-a 

^jr.tKjU <Lja3 ^ I 4^1 4Jj_JI J J 12 aifl .Robert Shankland jj^KjLui 

23 «.j^!l 4^ uaj CxaLo ^IjI (jial)) :4-jl$-lll (J ^JLialj 
dlllA Cj oajJ 4il — 4 w mi\II J 4_>,.W t (UxJI 4_ii lj_j /rjJI Jl (J — 4-lal mw 



(J S^ujjajJI go Lull 6Jj5> 4_ixlaI oil^j 24 .L^j lj-i ^pJI oL-L^jiJJ Uij tj mi all J[ 

<N ^ • -a.Lc 4iaj J jUoJJ 6^!jl ^jJI JjJ^J.1 ^Ul^^LI I^J^-o IdA ^l^ LiJj 




pLq miL> jj-ii 4_ij^3 *i j — ^j-tiijlLi 4 I i^>ll 4iuj L^_lS j J u mi 

^jSlI 4^ ^ ^JLi^ ii^UJI o^jUJ.1)) Sjru^i SjLc j 6^ dJj j> 



pi O 1 UXA£ 



LiixJI ^.W" nnj ' Lfl-XQ gtJ^llJI (j^^Lklxol ^ i£j\ Mijfl 11^ L^_i (j- ^ ^fl^o 



LilJI 41ajJ ,$jJI iQjJI 



S^j^JI ^Liu llo iia 4_ila_j ^jl^ Lai t 4 v \ uu 




1 * Tv ri Cxj^ JO 1 » : ^Jj^-q j jiiK ^ La ^ x J ^ " j 4 u mil I J^c 4j^. I^v-^ 4J Li 4_u I jj^i I 



P P 



p p 



4lu J^ a^LUl^ NVo f U ^j^JI <Gl^l ^1 ^I^JIj 

oLAiLUJI (jAaj J| SjLiu^L L^lo £a -s \ J£ J^" ml jiLi ^IVn ail gt^lo 



28 .p j_,AJl 4_c jl J^u&l ^ lua 11 ^L^l ipljjJI 3£>»JI 



(i I^Axluaj (xj 4jjji 3jLL=w jLp^l C5>^ ^1 ^Ij^j^I g^lil ^LgI 




Cil jflUll LI ... 11 (J (^j^JI oljflUll (J J n < ^ jji-s ^[ ^ ou g (p H 
6 jri_^ 4x.jr>^ r> CjI j niLu^l ^^^jJjJI dlljJ^lj .pljfl" ai*jl g_£-lL LqLqj IjiLlo 



29 




jLl^ I ^ K » :4^Li 4-La.l 4_iL^j i— g^v-£^_i^ i gt^lll 4_iL^x.j^ jIj^- 1 ^3-^3 

30 <(.oL Jail I oLM iLu^l 



Ml 



4 \ \ mill 



Lo ^Lc j^u)) oij (J JLij *4_u 11 lixolljdJI j\ mil] <GJ (J pljQ" m*il ^ 

<jL a^Ufl Jl Cxiuajj <ixuSUI O^JjLJI ol^lj UK < VJ UoJI 1 fl n nl J-c 



^j-Q Lflial in mi L> oLuJ^JI J| pi vK 11 4lLijJ^j (J J-clxJI llU >1 jj£ JJSj 



i^Lo^l ayljUl ^1 J-c ^jJI 3 .u null fjxo ^ JjSll 4XoL^o 

< 4 j n n U LjjLqj j^$J 1 oUjil ^ -s j ^pJI Jjj-uKLq O^jLjla L^_ii Laj tpLj-iiJI <J 

5JU j ,iA Asm\\\j iulS 'iuljJI ^Lill iJ^! j £l£ L^l Jjii 

** *********** ** 

H iullll 4-^1 Mill Lo! ((.(jis j^l Jl 4 w.nlL jjlto 5JU. J J^l jJI 

: J^SlI (J-C ^IjLi. ^Ij m\\\ ^jJ JjL^ jii P j .^11 ic j^o 




£-i jAj Lo^ 6jJ <^<^ (j-o P j .^11 L^_ii 2^J3j oLjljJsI 4_ij_tAj i^ll 4 ^ oj ( \ ) 
Pj i^ill CjLoi wm-^ q 4 j\j*JJ i^-Uk. dlLjjib (jj^ (jJj 44_i^J^j Jj-q oLaxta 



13 aU >l 



c jil a 4 4_uIjJI £ Jj-q \ A*\ ♦ ♦ ♦ ic^tu a Vvll \a P JjAJ 



4.J j m ic ^jj ^La tijjlill (J Jj-q \ ♦ ♦ ♦ ♦ ic juij L ^j'^l j Vi 4 *n ^JJI 

IjjM J cUc \AV ♦ . ibis p^aJI ic^u J ^IjUl ^ >SI jLpJI (V) 





Sjl fl m O s 5-l^ (jLi i Q j mil CjIaj^ J-C LlLjJaj .4_^^ll gLjtVv II 

p 

j^l ic^»uj dj^j ixi jlxs SjL mJI (jj£3 Lojlc dluaj ^ ^Lkil SjU^j 

VV- ^ c^JLJI j pI^JI oj^JI ic^ai <i£Lo cul£ Uo 

r .icLJI J >Lo 



Ijj^j J^j <CiLo£j1 (j»a jLlj i jl mid till m i g-j mil (jl (jjjilJJt_i (jl < *-^Lk- Sjj m \ 

p p 

j_> _w " I L j^-sLlAuljI 4^.jJa Lo 1.1a p j mil oLo^ (3 o q (jl ^jLuJI J mo II <j 

33 .4nnnll 4^J^ ul in nil JjUj <jl£ Ujlc \ <\ • Jjl/^jL 

J ^"11 (c «QJ J 4JjI jJjj (jl^ jiii (jAxj 4_s CajI^ /fr (3 U I I j_<5> (jl jrA-C 



(J-C J oj xj p 4_^-^q 4_c CajI^ ^li <4_i^.^ll 4_ijJ^lllj Jj j-lu^Lq 0*^1 jLji_q (j£. 



4-Ljj 4-qjJjlLI 6Jj4> PjjAJI ia. ^-o Jr>^~ (jl J-S *^Li t4_La Q ^ v n (_^jJI j J mil 




34 



.dJj^ (jxuJ (jl o L j Jjj.»4^Lo o^jLa-oj L^jUwllI j\ 



^iQj ^ ^ (Jjj^ mi^Lq Cj*^!jLa-q JjJjlLI (JjLujj J^-j (jl (jjU au >1 JjL^- 
4_ijJ^lll 6 jji i.i I laJJ » IJjlj Lqj_S JL^j t4 -s pj Jl^ (jAfl \ 4JL^_i (jil ^oLa-uI 4_jjJ^j 



35 



« . i.i 1 1^ 1 1 Ijjfe ^jAAJ SJj^fl i a 4j-ajLUallAjo j^>^ ij^Jij J |aj mi II (j_Q oJ^£ 



uJ5 ^ J '^H ic ^jj (jl CuSj 4_l jl J_c jjlxJI pLqLlJI ^JaJ mj dJ j Jl_ 4iL2i^!L 

3 ^.l (j lulOJ 4X. ^aJLi (Jj-a_i ^ j-^ *\ll ^ ^fl^. (j-o ^ jLSJI Pj mil (jl jJ-U jl^ t6j J <^>fl ic j^jj (J_C 



4jLxua jtGLj Cjd^-jj .(cdlc ISjlu-q ^llaaj ^3 jl Jj^II S j Lflxo Ci^xa Lojlc tig o^\l jl) tCjj Sd^- SjLjj 

^> jjjSn 6Ujji j i^iji d> j^ifl (jjyUi jj^j) ^jii .j^j *4^ii jdi-aii toy ^^oil ^ 



>£A 



La l^J > 11 J^-Q ^1 Sxj LoAfl Q tXJ 4jLj J I/O 1 ^ ^fuL) 



.4 mflj 

IjJ 

Jp-I^l (_^jJI J-s J^Jl lj_dJj t((4 v v mill ljj-Q» I^jLLioiiji au |1 ^jJ ^jl^ (j^Hj 



(J LgjIj p j i^H JflTn» lULsjsj li_ijJLJ 4J j t«p j i^>ll 4 i i^>ji» jxxol 4_s_lc 
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Uijl* jLkDI <j&^J^ J Jxo \AV • • iulS USIj .Jjpui 

.dllc IjjlIxq jl cdjjaJ 

t4 \ v mill 1 _U_q £_o 4 q Ijp-a _/\_C LaA 11 Pj_u-J jJ_lj 6 Pj) i^ill 4 ^ '^j-i Cul^ 



J^.jJli 4l^^Q ((L_Li-L^J Si jl "S C\ \ (J-«Jjl P J l^>ll ^j-Q LcLxxO)) ^1 J l^J 



4 4_ulil( (J Jjuo \ A"\ * • • L^-jl J_c 4lc j^jj jniS 1 j_to 4 ll i— a ^ i^j L_a^l ji\ 



p j 11 ic j^u ^1 :^1" oujI c-u^ j < t^>fl fl 



♦ ♦ ♦ 



((.^1 >JI J 4l^^o j> JSl jLkUl Jl 4-ixallL 
JLiljl (j^jL^ (j*^! t4 \ v mill Ijj-o (J^jIjGj 4 -s ulil £> 1& )) I^Luil ^ 

p p f. f. 
j\ Ufl II (jl^l pl^tO J-\ 3U 1 *^!l > 4 * VV Ull (JM V^l t^yO> &J\£ ^jLi) 4lL«J Pj) l^>ll 

Ci^!jLs-q ^1 ^1 «.4jj mill Ijji Ui j dLl j j <Jj^!1 iUil jjJi 4 tl j ^1 



p|^_to I (j aijj 4^ Gill J[ ^jl ^ P j .^11 JLSljl ic j^jj JJj^J ^iJI (Jjj-lu^Lq 



^LilJI c j^j dllA <jj£l ^11 ^^/vjj <3U^tl « ku^ j jl d j^lil jUalll J 



'J 



Pj) noil j J_u^_q (jltoul jl loS 11 (jj-o (J-C- 6J \ oJli <4_uj£ 4 pj dLt Cul^ 



LaIj-i ^^Jl LqLoj ic^uJI ^jiifl'v > dlj -s jj p j noil 4jUm\ (jl i 4_ic Ij_vju jl 



jl loS 11 4_i_tollL Sj v mil ic ^jj t S-lX^J c_fl^ujj <4 lo^ 11 l_^a-l^j J-C i 30 s i^lj-o L$_> 



(j^jlJs (3^^ *^ p ^9 '^11 ^-c ^r-" CjLu £)V» :4^Li^)J^j 4 1 </o 4jaj^ S ^-v^l "s o (3 



40.. 3 



«.4 <\vSf. jL^il (J ^.Lc 4_slj^ Cu » ^ o 1 SajjjJI Cul^j <olc ^jjJI 

J-l^jj c-S^-tu i^Jaljll (jl (gl*^ (jl^ 4 \ \ mill pj no 11 4 v noji gft'N llj 



«Gc IdJUJua f I <uLjil j J^L jd^o (j^ 1 



jl iLojfc*^ j\ 6<Xlc IjJLAXO j^l PjjAJI j J ><on £>L^j1 (J dlj^JLi i_ Jaljll (jl^l pI^-ujj 
.P j noil j J no^j uJ^lj-LI 4^j^ Cul^ La^-q 6J^.Ij Pj i/0 11 ic ^-oi .Lo^j-o P^uj 



1*1 



4_Q_LxiXQ J J jr\JI (j-O J-i^-QJ dLl j JJU ^JlAJ ^1 t4 ^1 Mill 4_u^-o Jj^ 4_a_Sj^ 4 \ \ Lolll 

31 t^v II (J l^ry^ jij <6jJ '^»^ J-c- ^ p j '/oil ic^uj (j[ Jji3 



4^_aJLo Pj i/0 11 4.-»-u.il l_S ^_uj pj noil ^L^jLi jLxlq (j (jllo*^ ^ ll^lj-o ^jl 4_ijj5iUaJI 

(JxlUjj tL^ic Ija Ixo 3 lion Ujlc L^_s UI^>J ^pJI ic^xJI (JxlHj 



4 lo^ n ^ ^ \ i ^o j tUU c_iS_j (jrO->> mi L^_i Lfeljj 



(jc Ul_ J j *i (jl ^!l_ dloj ^ LjI jJjl! t 4 1 ./oril 6d$J Ijiajj)) : (jj I J oi *v J I <Jj& j 



41 



«.p j uaJI JLSjij^! lo ^ mi Jl (j^jLSJI ^1 4 i v mi\ II Ij_i-q 



(jS ^. 4^1^ j ^/ol j^.1 -* > (jju Mi\ J Cij^JI (jl^ Lojjj^i t jLijj 2^,3 

. pLjj a 11 (j Jlj^ll oLsi j ^ jjl (j-o Sj^.Ij 



((6 




<_j^l SjLijJ c-xAJ Lq jlc — jjlj Lui (jjlj uu J JLi — (jjj (j ^1 Loa» Lq^j (jl^ 

4_i c^jJLJ (_^jJlj ij-i^jrLlI <J! jiU-flJ (_^jJI C^jS v ^ II (JXljl^-LI (J.MIJJ (j \*\ V 4^L^J-L^I 



No 






I 4l^_> 6^1^1*1 lUjI uiUu^l li* il^J <> Jaifl A U 




(j^.o-> ^-S t^jLojJI aj(| r> Jikj 4lc Q-s \\ (J^JI ^jl^)) I^j-jLjlAIjI J^^_s 

<( . S j Li^l 1 jujq (jLojJI (ju a i o n ^ 4i*^Lc dli&Q iiLLU-o Sj j s ^LojJI 



dlllA Q mi vl (g\ tLoLoj (-.1 ^ i^i n Lo^-il ia^Jt-L J U m ^j-o JLlA ^jxuJ^ tic ^ujj dl 




6< 



oljU^ (j ^ ' ^JJ 4_ijia 4_ij^3 luIj Sxj Lq_lS a j ^ fl 11 Ijjfc ^LLoiIjI ^ ^ful) 

jlc jLkUl Lu^viJ ^jljil ^1^111 j^UJI 3^" Jclj^ (jl Ja^3 




^^jjlj IjLoi tj^-lj ca^j (J Lj^t^ jJ^ <(B) j (A) LqjJj (2ajJ£.Lj-o (^iLaj 



1 ^ ujLflj d 1a il l ^| 1 * Q XA LjjJ 1 



N o N 



i^^ixJl l^JL Jej^ 1 j 1 ^ 1 ^ J 1 ^ 1 f^J 1 



V 

> 


M l > 


-V' 




1 






1 





A M B 




3 



jLkUl , Luall o J L> uL^ dli* <(B)j (A) c^ akAli l L^i jjJI ^pJI 



J-Cj j tiaJl C)L^j-o Jl fllil pLIjI (B) 4 Ucnll J[ c-j jil J=JjJL> v-jil jil 4^ jja. 6L»*jI 



u-jj-ai-fl dJ jJj <P j II J ir\ s Louilc ^1 lifl £j\ n Jl 4 ~* 4 x i— flj t t iS dJ j 
4 (A) 4 UlLiil jlc 4_i ^AJI p j ^jl JjJa (B) 4 Ufl'vll S\C. ^jaJI 4_i p j 



<(A) jlc ^1 J_^ (B) 4U5M1 juc v ^ jjJI £l dJjJ c-i^j 



J| 4^aUL iloljlLI olj^SlI (jl 14^11 4 ? jn ll Jl J^ dJjjj)) I^hr Vn l JU 



al «4 vfl JlA.)) 4_jLa.l dLlA CwnvU . >^Sll Jl 4_j_uAJL 4^ >a. iJLa. (J Lft4^1 



«4 fl I l^o)) 6^)^-t^J (^txal^Lo (^Gwl^ dlLlA ^jLi (Jj^ II jJL^o dlLlA ^jjjjJ^ c(( 



)) 
p 



***** ^3 



p ^ 



JU j 6& La II J I \Cm o ^. L^Lojl c^J^-l jli <p j <^ll oL<^ J L^jj^.1 ^pJI 

(J IjrlAJ \1& :d oJI IwUaJ ^jLolo jL^j. (J ^-*J Ujj ^ ml ^jJI g- jrl-uJjUi 



^ 55 s p 



44- 




SjJ-ua \ *\ ♦ ^.Lc 4l^J (J n\\\\ 

(j^)) :^u^ jij .jrA (j nil! iiijll jji Sjj^jll Sjrj-^JI 4-cLoJl J-C 1 K la s t ^pJl 



ilj^ 1 mi L5 Acl ^^AjU 4 ((ixjLaJI (J [lib J .^>j jl 11 11a :Jllll J n mi J_c cJja 

((.((^Lualjl^ ^IjJ^. jLkilll Jj-^jj V fJjjJI J^^^lcLo J jrti-^aJI i_Jji-*JI Jj^J <j£» 



. ^j^Jl^ 1 J>ILq (jlj v* vll ^jljdaJI ^jl^ lj| Lq_l3 ^jfcjJaj pi (j j i $1"-^" jAxj 

JJ^ — 4_U^"^LLL j^LIj ^ ((^JsljJl)) J 4>^J-* cl^j — 3^^' cl>°^' (\*4^-* ui 
.SfllUtl SiLuilj jlkll ^Kil J-c 4^ ^1 ^Umj <ULc YU Principia 

(JJa_j 4_j) (jlUll ^jl^-ll 4 * \ J-qLc ia_ujj ^jl (jjJ oLAj ^A^i 4J>1 

((.^^jLk. J-qLc ia_uj_i (jl (jjJ Llul r>j Ij0*v mid LgjIj 



\"*"\s j-^-j J-C 4^ Li Jpj-u ^^j1 j t((4_ij^JLlLi 43l_u| J^-o-J «j\ vflr. 



LxoJol 5xcujl^! iLoiil ,-ri< ll ,> s^T ^L^ 



dlaj ^! Lijl Jj <oU-oj (5 jLu.u 4^ .^Iq Sjii dloj ^ lAjl)) :^Lj^J 
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«.(^ flJlai a d^jl^-G (J (jLx^j ay^" iy^S* o^- ^ 




p p p p 




j^jJI oljl 11 ^1 ^ (jl ^olVvtl tSjcLlLQ S oLcLoj i^j-JLo oljLUi 



S-j J-C ilaljlil 6 jrA ^ 1 1 oLcLJI jO j ^j^j icLJI ^Lal j^j Cul£ 



4lc OJajj 4j1^-^ JjlULj dli&j .l^vf.lj.^j 6jl£il j j . «3J (J 43j£:Lu ikaJJ 

48 .6^LJJ 

4_sL^ j S^jJjj^aJl 5-iilxJJ 6 jril^ 4_uj1 jj Peter Galison (jj^uJU. JL^ ^jjL 
J-c S jUs oLcLuJl S jli cui^j <Einstein's Clocks, Poincare's Maps 

4_li J-uaj Oijjl (J J PC JJLJJ iUjj4^ iloljlil 6 jrA ^ 1 1 oLcLJI 

tjjll J oLcUJl j-o iLl^j £sj ^£1 IflU^I J^Luj jliLl ju^l — d>e 



WlMI I 



.L r-u-i <i-uJ til q 




5? ** p ^ 



jxl^kXaiL Sjta^JI oLcLJl jjlJ ^IJLLl olpl ^ J-c Jj,^ll oUlt 



JJi^ p ^ 
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^^SUI j-llil 4aaJ ^jJI Jl jx. a^jUl J ^ Jx. o 



I 





50 .£-lj^!l oIpIjJ oUiU j^ji^ 4_> jO^j 
LqLqj * flJl^J 4jLijJ^j) 4 -s i^>1 jj 4 vine. J_i-i^LiLLij 6 j-ujL-q 6jj '<o i JjljlLi 4 \ v mjJl 



j^IjJJ «4_u^_l<^ SjLcul» ntlj 4 Ci LxtuJa Llxl I \j Cj\ «4 \ v mill 4^j^JI ^jLxu)) 

« . (j Ilia I jjyo £}G£.LmJI)) (jl ^j- 
OUI jJ (J ^1 SilflJI J 4_ui^ ^li ftjj J^j 



^1 ifl jjdl ££j <UWLc» Jj^j J dilau ^Ij uuJ <jl j£j ^LLuuJ 



52 .. 3 



((.ijjJ^JI goLlUlj ^IJL^^I oUljJ ^ J Ifl 



«5S j^HI ^Lxo^'^J iuj^JI L^oQjjJI jx» 



r> 4lS b ^jJI jta^AJI (J I jji ^ 6^'^^' uJj^ ^Sll Lie J 
iSj^UI <G^\ J-cj < W ja^j V* J Annalen der Physik 




:Dennis Overbye ^Ljijl u^ljj L -J^JI ^KJI Jji^ .ij^HJI jil ^^LU 



\ 



(j-\_> 1 i^>1 j Ij v \ cT\ 4_xjLiJI jlVill 4_^_^. j 3-»-qj (ji^- J <Ja£i (j.iuJall» 11 j (J-l^^-qJJ 
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((.^1 jl Cg<WH ? H d^l 4$ 




<j^loJj <jjJljj ^ pLJlxJI jj^o <jl£ jlild oyJUJI ca^ «^tL^I Ifiu J5j 

Jli 

Kj^lLI j Hurt I (J^j J£ J ifiUlo l^lljjj^Jlj KuKjtl c^lj^ <jl Jj^ 



^IjaXuiLj ol j^l Lajjj dJj jjuj «.cjx:LjJI p 11 cul£ * j.^11 ic j^u 



^lJ| 4r>jki> 11 4-j j^jJ I II ^Lu^jjJl ^IjAJ mL (jjlj aUJl ^ui 

J_c jL1aoI_ jLJ^j. (j -0 I ^OjH jl^^ i (j^^- : v > 2^ pLjSI I aja^I 

. jikLI ^IjlU jj^j ^ 4^1 ^! , ((ffc LkUI dlj Jl 4 wn'JL 4^ ^ 

4Jl»jjG (j^.flj ^! 43lj (j-^jJI (jl (j^t3 uu >l ^-tiijl tL^jJj)(j mj LIjjJlI oljLsX- (Jj 
V flj Jl jryl^ ^dJI ^JLuaJl icLJI VJ ic Jlo t 4loljlo olj^l Jl SjLi)IL ^11 
^ 4^1 Laj I 4 aijj oijJI (J Ja jllj ^ju^IjJI gl*v n n^\j .j\ Ufl II Jj_u^ j jAr. 

IJJLJ Liii (j^l^ aU >l J Li Lo^j 6(jlUr> jl ((^ \fl^)) As^S *^ <(jlUtl J^ljjlil 

56 ((.lloj UjLl^l c jl-aj ^ fJLxJI J ^l^o J 4x.j^nitl icLaJI oUj (jl)) 
(jj^xj 4_.iiji ^jJI jjL^I (jiijiJI ial fl m[ dLlj (j£. ^ uai dlljj^l IdA <jl£ 

^Hil In r.n ^1^ lj| 4^1 (jjlj ui nl ^AjTj ^Principia 4_>L£ Jo"wmo J 



jjLa iiLxui xJalj 4_sjjJI c-^lj (jl£ ljl_)) :JUi tLi^jl (jllu mJ 4iLuI 




57 «.ll/_J ijjLcua Sjj^nAIIj <jJ — 

(jxjLLi LojAc J^J^ 4J 1 v \ j j < \ (jl lla I U (jh dLI j (j^LLiu_>l ^-ui 

( ?4j^Ja (j^-» tdlj^" ^ i— > M^>fl ll (jl J L^J (j^llj .J-l^IjJI 4 \ mjJL CuIj ^-^j 



4«Qc^uj jnfl'i ^ c__u_lA^JI SljL^u dlj^jJI ^jJts i—i v i^O II J-ii.W" I jjJaJI 



.JI^LlLq goLlj ^JaJU l_5^_uj JjLcujJI 6 (jl (jjU au >l ^-tiajlj 



jA-C (jG£.LtuJI (jl dj^" II u I i^>fl II (j^J^*vll (jjJ-L^ljJI \ mi)) I(jjlj au >l 

« . (j lHo IjlLo (jG£.LtaJI (jl Culill ^1 lajJl (J (j^jj^ljJI (jU \ mi LclIjlJ 4(jGloljj-o 



j Jx. t_Q0 \ \ ir^-\ mi (jl l ^jJb 4_t^LkJI 4 v ^ mi'vII gtjLlj (j-o C5J^-I 



.Lc ^-clq 4 II jyc jLLi^ (J LUjI ^Axd (j-a^^ cj' -^ = *-*^- 1 ^ s 5-t" 4 II 
( J_c 4*v (_^j^-lj jl l^ifl II 4 \ i^tjl (J-C 4j u ^ Slj-o (j-o (jj^Ti ((icLjj)) jl U IL> (jl 



lalo (j»o g-j^ 1 1 ^ J_u . (JjLai^j ^ (Jx-*^ Lo^jjj dl^aJLi p <A 1 1 (j-o ^Lxxoj 




JAxoI (j-o lj_u Pj) <^>ll (jl jj v \ mi 4 U -\ II ^ i^tj J-C t_^0 i lI^J JJ^ ><fl c>° 



j^jJI 4j <^jSll Sjj^jll Sljil (Jl_ JjU Jo MiSl Jj^ ^ <31ni^ iiLxua 

*^ 4 \ LallL iljli p j i^>ll ic j-uj j t4 1 u iA i^LtuL^ ^Lo*JJ C^j^3 L&jjJ_> (j^Jj 

tjl Uflll Jo"\ m" ^pJI Sljil LaI jj Lo-o JjJ^I p jjAJI I^jlLIj ^pJI iiLuil 4_UjiJ,l 
Ji>.lj Lkjl ^Ao-j (j^jJI (jl j-n-uu 4 U <.ijir> j j-c ^J^IjJI J^-jJI (jLi I>Kj5>j 



jpl J_c j_u^IjJI ^1 jrA-c t^jLu^JI glib j I LqLgj ^jLxu 5iLuj-Q ^ Uoj p j <^ 11 ^Lx^i 



^! IxjIj ^j- 1 J-l^IjJI *J_CJ p j) 11 4-C ^ujj t4 I fl nil J| (_£jl_u3_ll 4-o3 t j- Q J^-^^-l-l pj-iAJI 
J i,oj (jl Jji j^l iiLuj-o j» tva jJI J-c J_toljJI jjtVm Jj-q p J-^l ^LxJu 4 j^JlIj 

tr\\\ J-cl (j-o /^J j pl.t- u.i ^Nl lajlj 4 miu II (j) (_^1 t4 *v vfl mil ^ "* 

4ic J_C m j j lo'v a (j- J ^-l^l LLSj (JjJlLujI (4*v vfl mil lo mi v ajJ^jiaJ 

,4jjj Mill JP-Q J-C j^i^ mi jj k\ a ^_yC 



xJaiu pLiAi 4 *v vfl mi (j ^I^jJI 4*vfl vfl mi Ci » 1^1 Lqjjlj l_LjxojJI j^i J-^-j dj \ ^ 1 j[ 

(jjii ^-3 J-oj (j^j^l (J| J^^XJ Lojlxi <P J) i/O 11 ic ^jj (j- <— * J^lI 4£. j^jJ_i ill ^Ja oliLxu-o 



ii^jLLo (Jj-aj 1 ^jl jlui t4 v v tt\'\ 4^j^JI CuL^ LI (j^-lj tl (j ^j- Ij- ^ '^1 



jiLuj ^jJl jJb ^jSll J-c (jl jilxj pLAiJl 4 nfl mi (J 6 jiLuIl Ct^lU 



.1 j^£> j-clxJI 4j ^Jfl*v s jxJ (jl 2^,5^ j) 4_uIj ^jl LfljJj LoJ^Cj 4x.^-lu 



jU,^ L^Sl 4lslj ic^u dj^D ^ 4-ajLAAJI 4 'no mJI Uj .^U^^l 



^1 



j-ojJI (J ^jflTv mi ^^Lll ^^jfe pLAiJl 4j vfl mi J-c Sj^^^JJ ^t s 5lJl (jLi al laju' 

.(j^j^H J-C j\ v fl 1 1 (jxuJj tP lo V V 

J-C j I v*v^wl CjLcLuj miL ^j-^" <4_vj^lJLi JJ-qj Sjjklli Cu u J^j 



jl 4_ijLi ♦ , ♦ ♦ ■ ♦ ♦ Jil iiJj J jc jlc dj^ac jLu^J <6jjLU c ]P-q J-c 4_K dlj-ac 

(J j-qC pLlAjS 4 vfl-^ v jj! ^-Aj 6 ( j^ji\ ^ to mi J_c J^=k.^ll dLdl^j (^_q dLlj 

j C^J^-I Sj_q jii 4ajjJJI jj^l loll ^ ^ 1 1 L^J ixoUJI 4 n mlil j 

^ jl loflll ic ^oj Ujlc 6iaj IjLo ^jl loflll J Sjj^jll 4-jjj.^ll icLuJl 



\0A 



4x^LkJI 4 \ \ mill 



(Ji C^J^"' ^j-a JjJUj dj^*Ul >_4o nil! J[ jl Uflll 4 \ <^>jl (j^a J^/J Ij-^J jl 11 <J 
jjlA\r> c 2)- q ^O-^ ^ii^Li ^i^-uj jl U 11 (3 (j-«3-ll (jLs dLljJj ti^j-aJlll 4 ^ i^tj^il 



iLiAjl jljjj 4" 1*V\ (jLi t p j .^11 ic- £ja a mi^. 4.C j^jj jr\i& Lojic 



41^*11 (j 4_»j^vAa 4 1" *\ 1 1 ^jLjjj 6^-flJl (jl (Jx. (j-^lj jJI (j^j-*j (j^jlJs (Jii_i j 

M ****** ** 

^ cK" Sjja Cwinlj 4 JIli Jjal ii^x. SjjLlI 6d^J <4-fc£JI J-ilj^ £-o (j^J 'LfjLuJ 



ic^jj I a JJ (jl £_J^1xuj 4-aj 1 a o ^1 ^ \ mi^w dlLlA (JauJ^ t(j^^JI (3 fl 11 4-C ^-u-ll 



4^ jj*. j-c IjUlcl (j^jJIj 4il-a.it I 4 jw»n (j£. Cu.W 11 Ijjfc ^ ^c^Jl J-C 



P P P 



^ fl \ fl ^ )) > i^fl II J^-Li ^l S^AoUl ((^ fl \ fl^ II)) J^jJI icLuj j(] ta3 

P ^ 

^j|jj| 4^j^jJI 4xlL^jI * \<\~>* j^Ijlj 6<Li^LkJI 4 \ v mill 4-i j \ I Liij 



j LULlj (>jJI (jl^ I jl jl .JxiJL t, n (jln^oll c^l^ I jl U iJLu^ cw.mI L^jl 

(jj mmOj l_S j_oj 4^j^JI (j-Q 4 flh^ ^ O^ILa. (J '^lj-11 (jl J-^ 4ijju Lo J£i t4 OjO^ 11 

(jc JjAiua «(j 



I 

jJ j-^j 4-Loj (J| ^)Lki». 3 400% U (jjh Mt'vj 






P P 

:l JqI 4_UUjl^L 



4 fl vfl^ 11 (j_Q (jAaaIJI J-C JoLaK j-tii-i (J 4 v v Mt'vll 4_ijJ^j \\ \" (j^-cu 

4^£ ^!l ^La^)!! (j^ ^ 4^ (jl 6 j^LiJI jj.^^ll jlo Jij^dl 

ixoljj o-usj^il ji j <4 SlUtl 4^jjiJ| Sjii J-c iojli pLijjiJI (jU t4 v ^ uu 



^^AU J^UJI jrG^I 4^ ^jaJI O^U ^J^l (jl i^AJI oUjil 



^Lu^l Ol^ (jl CxAiLilj ^ji^l Ol^ j^JI (> , flJlkj 




I (j^JI (jl^ ^jJI J5LUI jjjS^I Jl i^aUL 3 n r,» 1 



^1^1 jrjS^I Ij^J S3aJ,I 4^^JI iJU ^U^^! j^JI J^i (jUj 



p 

'«4 v v ti\'\ pl_uiu^!l J^)) (jl *j *i 4 v v mill 4_i^J^j ^jl ^-^^ (j' f^-^-^ ch° 

(JjjLsl^j (j-°3-ll Jj>^ (jj-iLiia dLlj (J Lqj — u-^O-^ oLujL^ ^jl ^^Ixj 




4 \ loIIL JL^JI dLlj^^ iJ-L^ljJI 4^j^J 1 * \s 4 \ v uu (jl (j^ -OJ — (j-°l>^l 

pL^I JUL dll^j <4_pljJI oLpl^l iJ^I j iLli; JJ^ y* 3 <<jl£-ojJI ^1 

.p j <^11 ic ^-0 JIa 4HjIj Jiij 



Invariance oLAJI Ljhn 4c I jJ 4^nn J S jry^i S >iJ jli ^Ij mnl ^1 ^Jal jJI 




(x^k Xa il jii ,Ja5 pUJI 4J J ^1 <j£J .Theory 



J^j 4JLjJj^j (J^LS uU >1 




JjJ^ (jjlj £u J 1(3 J If. 3iUl N <\ • V *lc Qr.nfl\ 



J i^ll i^jj^. J-i^jJ cJlI-u^j 3^ J .P^jAJI ^Lt-u,i 5^j^- 43jSjin nA 



J-C jm 13 jJaLtoll (j) jJjj) j^^l i^Ltoll j Ji n mi j t(dlj^*\ll jl U 11 t 2>-^ Q J-C 



62 



.djJU o flh^ l L^o iLO JJ^ — oLojJb 



^Ujrufe L^o,^ wnl ^pJI ilj>JI ^ 11^ djjU Ij^AJU j^II i^>Jlj> 




^1 (J JjiMo L_JLLi e_si^^>-i (_^jJI Jj-fcjJl jrl-S_3LJ 4 J lr. j(j k <(J^LS JLocI J^Ij 



63 



ft ^. f- w ^ ^ ft , 

jLj .,jiu| j {yx JjSlI SaJu^JI J <>jJI j^c ji Lull 4^.j^al ^jJI 

43^5 <jl_*J laujf J dllA)) :L^i pLj <\A<\o ^ ^pJI «<>jJI 

Jjja. lij « . ^j-! I ^IjJI JjlJIj iij^LUI oLjJ ojuo 1 fljlc ^jl U\ L^lo 






tlx, <>jJI 4cL <jL*J Jjuj! j iu-aLj oLpl^l JI ob^l 



llcl uai ^1 <4_JlfLijl j jliil L^ .L^jjjs c>^-o li^j pLj>jiJI 



4 \ \ mill ijjiij Cxxl j (jj jj-Q» iLLjLo JL3j 4((i^L^JI c ^> c ^Ij jxlc.)) 4lL 6j-q CjI j 
i.i ^ c. 1 4j| ^1 jJI c jil t((l 0^0^ g-iiaj Mil (jajLOj Ljl tplj .^LjJI pLolc ^JjI (^u 

.4jj mill ^ N ^ M aLc jta ^ Mill 4^1j£ (j 4lc *iLuoi c-U^ j t^-Mti n a J-a-*_s 





65 .. 3 



«.4 ^ v mill k (j C>3-qI (jl SLcuLL 



(jA^- Sj-iJ^. 4_ijJ^j au 1 1 i _4 m"^ 1 I jLi Jpl auj ^jl Lis jJj^j J_j J^. 




.^j^ 4S1M1 iisiUW j d^m ^jl^l^ ^1 ^ ,Vul ijjJ^ 





1 *S\ oLil iiLKJI S ji^JI l^^i fJ 4_ij £l I^jj j^jjJ ^ 



Kip Thorne 

t^jjl^v au 1 1 (Jjl5 LoJlLo (jLojJIj ^jK ^11 Lloj O jA_L*J J[ H MM lll^)) La^1[ 




LL(JLU_il 



***** * * ** % •» P 

<(jj^>^!l 4_j_H J-t^-» Lo fcljlJa t^j-u pLj_i_a ^jjj-ujI ^, ^1» ^ dJ j ^jl^ 




66 



((.^jLojJIj JjK rill J_jJ^JI c_LijJuJI 



<uL*l IjU .J^JJ <>jJI 6jl£ft ii*KJI gStilll f+i «liJu Jx. 

jJUlJL dm ^11 Jl 4i^ 4Jx Lr A_k f ^£ jii .Sjryil 6jl£il <> fXjJI J-c <?jj>JI 
67 .J J( j ? tl gljtitfl oIpI jj o^li J iLobil J ^ojJI icjp pUj^iJI J 

<<>jJIj o\Z±\ 6J^dl jK&Ij 4_^jiJI JjjiiJI obLxJL dxuucuj <4^cL^i 4lc 




p- p 



4aj mill j^lcl Ujlc (jj I J m i \\ 1 Slj^ -J Lij^l d-lji t^L& la Ijjfc jJ j 



68 



((.(j-ojJIj (jK rill Ij-Qj a ^aJlj ^jl L^_i 4_jLa_>L> gLUltulj tpl r>l mil ^j- Sj^-lj 



p- p- 



s 3-&J " lV L§ 4 ftJQjll Cj Luj I j jJ I SQJLAi ^jjlj uU >1 Ijfll^ ^ jJI ijjj^lll p-LijjiJl 

: JL3 j| <Freeman Dyson <j>«uIj jLu^ 



p- p- 




*% 

i^Juu^j j J^lj L^jlj Cu u 1 La .lie if-^* 4_» (j-^vS- 1 lU^J 6 J"^^ i-^-l 



6 j*\ flll O t i^>j JO fl 4^-^ jrUI Li L^j ^1 ^pJI 4 v v mill 4_sj_Lkj CajI^j 



jsajill (xj^otl jLUI J ju^ljJI 5^j^ jx. jaUII ^jJJ Sjjj^JI 



^1 jrAX. .d JJ ^ J^U. jryl J-C j^ji-J ^Ul CgfllMl ^jJlj ^l£-JJ 



(J J^^ll (J C5J^ 4 v MivUllxllj 4_uj^JI 11 SjAJtll Cj\ j\ mijJl 

69 I „ . • ^ 



4 v v mill 



jAau <J ^jj 1 j oi \ 4 \ v mill Ij_lo 4 \ u\ \ 4 v v mj 4_jjlij|^j ^Luo t j-o 

Cul^j t j^^ll Jj^^J 4_ijl£^l^j Ua"^l JO fl ibjjfej^. Li^LLkl (jAJ^J 4V\ 1 11 



(Jj 4 ((^^-tu 3JL^. (J» ^yjl vo 11 i.^--v^-Q 4J> ^5Ls j j-v^l j^^oj 1^,,/n.alo jljj^J (JJi jiLi 

The Relativity j \ <\ Y ♦ ^Lc l^U* jlcfi — ^Lc ULSJI S^l^* 

jr^^U 4 umML 4^j^JI <> cxjj^JI ol wVn! Jji-j)) ij^j^J J 13 — Principle 



<4lJ£ 4_^ji l^On 4n„nll 4-jjJ^i ^1 Jljj ^ <jl£ \ <\ ♦ <\ *U 



J ^ijJij «.4ji ^be 4 ^i^u a^^ji iiu j Ar,t ? ii)) J 



A \ \ mill (j-^l^ aU J 5^jJ^j J^j^ 4 UJ (^j^^ILj ^jfe Jj J \0 vfl^w 
6((^Hj^)^JJ uLflj 4 \ \ auJl Ijj-o)) ^ J u J^C dLl J ^ J-i OJ-^Jjj c^llaXI ^j^^-/.i,JI 



72 



((.^j^Utl ^JLc J Lfllko dllA ^1 ^ 4ii^ J_c lljlii cbjlil^j JJa» 




74 ~ 



iaujfl d,UJ^I <> 4^L^Ul j <LL> Nlol-vl ^jU jrt£ Loll dJj jaj 



^ A-ijiJI 4lxoj] (Jxujl <C>£ v >L& jl^jjil \ ^ (_^3JI 4_>LLi». (J L^j L ^JI 

** ^ 

41q 4_x<3 4j J_ij_i SiLLj S^il dJj Cul£$ '(^>=>-l 5JLoj LxojJjI ij^jjl^l 

75 ( ( .ilLaiJI Jl^ ^ Jlu&] <^JL>J 





76.. 3 



Cul£ 4jw.mI1 J 4l^jJ JjSlI oljj-uJJ ^ 6J^lj (jL 77 Jaj Uji 4^ 



.Evan Walker j^jj u^l ^ ^j-^j^I Jj^ ^jLJI ^jjJ-gJ 



jjj^ John Stachel J^LUo ^j^. ^ <a ^A£-° c> 6^ -r-"JI J c^Ljj ^ 




5Jjl dILlA Q lu vl» 4^lj t4 i^tlj 4 \ nuLajj 4_LoL^-o oIjLslxJI 6 ^jLi J-^jLLjj Jjj 




| pn^j <4iU .^llj P-LiixJI aUI^I Jj^JI jliil 4^ ualj c-jL-ujSI 




^^ia. ^Um^ cg> J I^LLxj Ujlau Ellen Goodman ^Ujj^. c^i 



«• p ^ « « « 



cxsjJl ^1 j-^jil jJalo Rastko Maglic trnULo jSXailj jLL^^Il *ui jSI 



4^jj,, ^Ijlc Y ♦ ♦ T ^Lc PBS 4^ j ft 41^^ c^^J Gfkju i^LxJI 4-^flllLI 



78 3 



^LAij *4_^LjJI ^Ull ^ ^1 Jl ol^ajj l^il Jl jryi^ ibl 2J JLIa cw.nl ^ 



l^ua^a <g£J Sjl^l Jfal j Lull ^ J dJj <> ^jj liik (jll JJu* <> jjuS! 



4_i OpL^. 4 \ \ loIIL JpJUJ jiLv-o (j q jl SjiiJ li^-lj ^llLo pUj-L^^I 



** ***** * * * ** 

jiLjL <n<^. U jn< L^l jj^j .Peter Michelmore jj q Ij uu o Juj 4iJI ^13^ 
jj jjil '^LjJl JjLall (jAxj Jj*. (J I fl-jlxo 43j£.Lo» :L^fi ^L=^j tL^lj^! 

l^j v L^c)l! J^l (> ^i^jU oUL^ol j S^llJLJJ 4ojq^11 j ^Ij JLIa ^aJ 

LJJ^J^ ^'j^- LT^"" L> 6J^Ij^ ^Jj^Lxlllj L^jjilj 

l^K^ (> a ^Sn» Iflxuiil jJ *LAi I4JI v mjj Ujlc Llil Gerald Holton 
I4J ^ 1^ j L^JLoT 3^^" (J L^l o^.[ ^ j t^jllJI J 4j5jfl-\ llj 4_qL^JI 



mini 



^jfe p ^ 1 L^Lc^.lj_Q j jj^jJI 4 vie. (^3JI oLi-uaLijJIj pL>J vflll ^xJLc L^qL^j^L 



Mo 



jl^jj^ Lu-<uJjl 4_i-o_ijl^l (Ji 4_iLUjk. (J S j a * 1 1 4jj m jlj mil ^jjllAljl ^Ijl 

jJbj 4_JI I ^ v7s ^pJI J^I^JI jUrnll olj jaJI 4iLkJI j L^jjjj Jil^lj tCaluU 




$ ^ ^ p 




d Q \1 ,^,1 1 \ ■ a u& * l"i Mini t j (j nil 4*wn J^S J^jLujJI 4_i 1 1^ ->. J Lo^ j 

o^jLxil j (g MiL L^lc j-\ au mi L pJI S j o U 1 1 dJj iiJL 4j^lr. Sji-U Ulaj 



4h<ll ^jil ^1 « T i 1 kL < Jjj^U C^jU-* Jl SiLu^L <4j w.mII \±±a J\ 



J^ <,4_a_Q 4. l'V\ g-j^All Joj^_j ^ (AiiiA Lg_) J)**i^- > I 4 al Us 11 1 ^ItLxo LtliLiS 



4_rlo.o 5 jlill .4±^JI J Ji^J^ dLlA J ^ ^jl 4JU 



81 




Annalen SJa ^ 41^ 4" oh ^111 o^jJU .ik^. SJ^Luaj S jliJI m \J jibl 

a I ^llll jj.^all ui^uju Ja)) ( jl s >ijLj N ^ ♦ JjJ/ YV (J der Physik 



82 



J^jl^JI 4.t-u.il (jj-tujJ-i ^j- 5 HI (J^JlJlJ j *^ 1 1 ^j^-iJ Li J-iiJ I I (j * ^ I ^jJI 4_mj ~\"\\ 
t4 v v Ltilll d ^ U\ j Jj nt^Lo d \j U\ jj^-i ^-a^JLs ^ . £j La_i_ttL^J I 4x. ^oj_s 4 \j& \ \ d^*^Lc 




Ml 



4 v v mill 



I3 p^J pUh^ oU^- ttlkllj itsUI :L^lj LLLin^l 4 ?J Vvll cuKj 

(jxjLiio ^jjfe La pt.txr* 4_K <*Ga i (J JL5 Lo^j <(j^*^l lA- 1 4_j_cuLtu1 4-JjLu dILl&j 



t « 



E = mc 2 



4 \ \\^\ g-j) i^>11 ic j^jjj 4P j uaJl ic j^u cl v-jj^ (J-l^L^. ^jLxu SJaLLJI 



dljjjjj^ ilij^a jlj-o^l L5 i^J .^n^jJl ^-o i^a. i££ (J Sjj^jll SiLkJIj tLljji^ 



